








VOLUME 107 September 1945 NUMBER 1 
CYTO-TAXONOMIC STUDIES IN ORYZOPSIS 
B. LENNART JOHNSON 
Introduction which were described later. The western 


. The genus Oryzopsis, like other genera 
of the tribe Agrostideae, is difficult to 
circumscribe satisfactorily. It is charac- 
terized by discontinuities between small 
groups of closely related species. On 
some characters it approaches the neigh- 
boring genera Nassella and Piptochae- 
tium, while on others its close affinity 
to Stipa has resulted in an almost ar- 
bitrary assignment of certain species to 
either genus. Three main aggregates of 
species within Oryzopsis have in the past 
been recognized as different genera or 
have been combined with Nassella and 
Piptochaetium to form a more compre- 
hensive genus. The whole problem of 
where to draw the generic boundaries in 
this part of the subtribe Stipeae is still 
an open one. Whether Oryzopsis is a 
natural genus is a question which will 
bear much weight in the ultimate dis- 
position of its component species, as 
well as of the smaller adjacent genera. 

The history of Oryzopsis bears out the 
fact that considerable uncertainty exists 
as to its proper circumscription. The 
genus was founded by MIcHAvux (12) in 
1803 on the basis of a single species, 
Orysopsis asperifolia Michx., whose range 
he cited as Hudson Bay to Quebec. 
Previous to that date four Old World 
species from the general region of the 
Mediterranean now included in Oryzopsis 
had been described and referred to 
Agrostis and Milium. In 1812 BEAUVOIS 
(3) established the genus Piptatherum, 
which eventually included these species 
of Milium and Agrostis as well as two 


American species now known as Oryzop- 
sis hymenoides (Roem. and Schult.) 
Ricker was described as a Stipa, but in 
1818 NuTTALL (14) founded the genus 
Eriocoma on the basis of this single 
species. 

The three genera Oryzopsis, Piptather- 
um, and Eriocoma were subsequently 
reduced to the status of sections in the 
comprehensive genus Urachne Trin., 
which was established in 1820. The 
genus Piptochaetium, which had been 
founded by PREsL (15) in 1830, was next 
reduced to sectional rank and included in 
Urachne. To these four sections TRINIUS 
then added the section Nassella. The last 
two sections consist mostly of temperate 
South American species. Thus the genus 
Urachne included all the present species 
of Oryzopsis which had been described 
under various genera up to that time. 
In addition, it included the sections 
Piptochaetium and Nassella, which are 
now excluded from Orysopsis. 

BENTHAM (4) in 1882 recognized that 
Urachne was a synonym of Oryszopsis 
and adopted the latter name. He re- 
tained the sections Piptatherum and 
Eriocoma as defined by TRINIUs but in- 
cluded Piptochaetium and Nassella in his 
section Euoryzopsis. HACKEL (6) later 
excluded Piptochaetium and Nassella 
from the section Ewuoryzopsis, giving 
them generic rank. This left the genus 
Oryzopsis with three sections, Euoryzop- 
sis, Piptatherum, and Eriocoma, an in- 
terpretation which has persisted up to 
the present time. 
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In contrast to this complicated deriva- 
tion of the present genus Oryzopsis is 
that of the closely allied genus Stipa. 
Less than 10% of the species of Stipa 
treated by HircHcock (9) have been 
referred to other genera at any time, 
while all the species of Oryzopsis con- 
sidered in this study—except the last 
two to be described—have borne from 
one to four different generic names. Only 
four of them were originally described 
under Orysopsis. In the opinion of 
Hitcucock (8), Stipa, Orysopsis, Nas- 
sella, and Piptochaetium form a ‘‘well- 
marked group” in the subtribe Stipeae. 
The contrast in their treatment by sys- 
tematists suggests that Stipa is a large, 
coherent swarm of species and that the 
other genera represent smaller peripheral 
swarms whose precise natural positions 
are not clear. 

Judging in part from the routine 
transfers that have been made in the 
past between Oryzopsis and other genera, 
it is obvious that a continuation of the 
same practice-will not alone clarify the 
generic entities in this general group. A 
critical re-examination of morphological 
characters is desirable in order to evalu- 
ate the degree of relationship within and 
between these aggregates of species. 

Discontinuities in general are largely 
the result of isolation, and changes in 
the chromosomal complement frequent- 
ly act as efficient isolating mechanisms. 
Thus, if the information gained by re- 
examining morphological characters is 
supplemented by a knowledge of the 
nature of the interrelationships as re- 
vealed by cytological studies, it should be 
possible to draw the generic boundaries 
with greater confidence. With this aim, 
the present cyto-taxonomic study of 
Oryzopsis is undertaken,- giving special 
attention to its confusing points of con- 
tact with Stipa. 
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Material and methods 


Data on morphological characters 
were obtained from herbarium sheets 
selected by the use of TrpPETT’s (17) 
random sampling numbers so as to rep- 
resent in general the geographic ranges 
of the various species studied. The in- 
formation presented in tables 1-10 is in 
most cases based on measurements from 
two spikelets obtained from each speci- 
men with the aid of Trppetr’s numbers. 
The illustrations of floral parts, except 
in the case of Oryzopsis hymenoides, were 
prepared from photographs made at a 
uniform magnification for all species. 

Cytological materials were obtained 
from plants transplanted directly to the 
greenhouse from their natural habitat or 
from nursery plots. In a few cases plants 
were grown from seed. Root tips were 
uniformly fixed in Randolph’s chromo- 
acetic-formalin. Camera-lucida draw- 
ings were made of root-tip metaphase 
figures at a magnification of 2420 X. 
The number of drawings made varied 
from twenty-five in some of the species 
with low chromosome numbers to six in 
the species with the highest chromosome 
number. In most cases the number of 
satisfactory counts far exceeded the num- 
ber of drawings made. The idiogram for 
each species shown in figures 24-32 is 
based on the average of three such draw- 
ings. For each drawing, the chromosomes 
were measured on a millimeter scale and 
estimated to the nearest tenth of a milli- 
meter, paired on the basis of length and 
gross morphology, and arranged in order 
of decreasing length. These chromosome 
lengths were then averaged for the three 
drawings. Only the longer chromosome 
of each pair is illustrated. 


Taxonomic summary of Oryzopsis 


Characters of the lemma are in gen- 
eral relied upon to distinguish Oryzopsis 
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from Stipa. In Oryzopsis the lemma is 
relatively short, broad, and usually in- 
durate, with a blunt callus and decidu- 
ous awn. In Stipa the lemma is long and 
slender, usually less indurate, with a 
sharp-pointed callus and a persistent 
awn. Also, the panicle in Oryzopsis is 
usually open, while in Stipa it is usually 
contracted. As is frequently the case, 
none of these characters is wholly re- 
liable when considered independently. 
Even when considered together, they do 
not effect a clear distinction between the 
two genera, for certain species are either 
intermediate in the expression of a ma- 
jority of these characters or else dis- 
tinctly resemble Oryzopsis in some and 
Stipa in others. The tendency on the 
part of systematists has been to assign 
the doubtful cases to Oryszopsis. 

Intergradation of these tw@ genera 
occurs in North America in the sections 
Euoryzopsis and Eriocoma. The Old 
World species are included in the sec- 
tion Piptatherum, and they constitute a 
clearly defined group which cannot readi- 
ly be confused with Stipa. 


SECTIONS OF ORYZOPSIS 
Section 1.—Piptatherum (Beauv.) Benth. 


Lemma obovate or elliptic, mostly 
dorsiventrally compressed and greatly 
indurate (not indurate in O. miliacea), 
glabrous or short pubescent, pale to 
dark brown or black, without a distinct 
callus; awn straight or flexuous and 
deciduous; palea at maturity broadly 
exposed between edges of lemma; glumes 
acuminate or acute, exceeding the lem- 
ma, 3-9 nerved, first glume longer than or 
equal to second; panicle open, branches 
distant and spreading, spikelet-bearing 
toward the ends; style branches re- 
flexed at anthesis. 


Oryzopsis miliacea (L.) Benth. and Hook. 
O. virescens (Scop.) Beck. 

O. paradoxa (L.) Nutt. 

O. coerulescens (Desf.) Hack. 

O. holciformis (Bieb.) Hack. 

O. racemosa (J. E. Smith) Ricker 


Section 2.—Eriocoma (Nutt.) Benth. 


Lemma broadly fusiform, indurate, 
villous dark brown at maturity, with 
distinct, oblique callus; awn straight 
and deciduous; palea at maturity ex- 
posed between edges of lemma; glumes 
acuminate, greatly exceeding the lem- 
ma, 3-7 nerved, panicle diffuse with long 
capillary pedicels or contracted with 
erect branches and pedicels. 

Oryzopsis hymenoides (Roem. and Schult.) 

Ricker 


Section 3.—Euory:opsis Benth. 


Lemma obovate or fusiform, not 
greatly indurate, pubescent and pale or 
dark brown at maturity (glabrous in 
O. hendersoni and mostly glabrous in 
O. micrantha), with short callus; awn 
straight to geniculate, deciduous or fairly 
persistent; palea at maturity narrowly 
exposed between edges of lemma (or 
completely inclosed in convolute lemma 
in O. asperifolia and O. hendersoni); 
glumes obtuse or acute, equal to the lem- 
ma (acuminate and exceeding the lem- 
ma in O. micrantha), mostly 1-3 nerved 
(5-9 nerved in O. asperifolia and O. 
hendersoni), second glume longer than or 
equal to first; panicle narrow or open; 
style branches erect at anthesis. 


Oryzopsis micrantha (Trin. and Rupr.) 
Thurb. 

O. pungens (Torr.) Hitche. 

O. canadensis (Poir.) Torr. 

O. exigua Thurb. 

O. kingii (Boland.) Beal 

O. asperifoia Michx. 

O. hendersoni Vasey 
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Key TO NorTH AMERICAN SPECIES 
OF ORYZOPSIS 
. Glumes longer than lemma, at least 3-nerved, 
equal or the first exceeding the second 
2. Lemma glabrous or short pubescent with 
hairs less than o.5 mm. long, somewhat 
dorsiventrally compressed, with indis- 
HNC CAMUS ....352 252 Section Piptatherum 
3. Lemma less than 3 mm. long, glabrous, 
pale at maturity (introduced) 
O. miliacea 
3. Lemma more than 6 mm. long, short 
pubescent, black at maturity 
O. racemosa 
2. Lemma pubescent with hairs more than 
1mm. long, fusiform, with distinct 
callus 


4. Lemma ! 


ess than 4 mm. long; awn 
straight, less than 9 mm. long 
Section Eriocoma 
. Panicle mostly diffuse (rarely con- 
tracted); hairs of lemma more than 
2 mm. long O. hymenoides 
Panicle contracted with erect 
branches; hairs of lemma less than 
2 mm. long 
O. hymenoides var. contracta 
4. Lemma more than 4 mm. long; awn 
once geniculate, more than 10 mm. 
long (see JOHNSON, 11) 
Hybrids, Stiporyzopsis 
. First glume shorter than or equal to lemma 
(longer than lemma in O. micrantha), some 
glumes only 1-nerved in some species, equal, 
or the second exceeding the first 
Section Euoryzopsis 
Lemma 2~-2.5 mm. long, glabrous or rarely 
pubescent O. micrantha 
Lemma more than 3 mm. long 
7. Lemma pubescent, at least at base, 
pale 
8. Lemma pubescent throughout, 3.5- 
5 mm. long 
9. Awn less than 2 mm. long 
O. pungens 
9. Awn 5 mm. long or more 
10. Panicle branches spreading 
O. canadensis 
10. Panicle branches erect 
11. Awn about 5 mm. long, 
sharply once geniculate 
O. exigua 
. Awn aKout ro mm. long, 
curved or weakly genicu- 
O. kingti 


wal 


wn 


6. 


6. 
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8. Lemma densely pubescent on callus, 
nearly glabrous above, about 6 mm. 
long O. asperifolia 

7. Lemma glabrous, brown at maturity 
O. hendersoni 


Natural affinities in Oryzopsis 


I. DIPLOID SPECIES OF SECTION 
PIPTATHERUM 


Five Old World species of Orysopsis 
included in this study—O. miliacea (L.) 
Benth. and Hook., O. virescens (Scop.) 
Beck., O. paradoxa (L.) Nutt., O. coeru- 
lescens (Desf.) Hack., and O. holciformis 
(Bieb.) Hack.—were placed by TRINIUS 
and RuPRECHT (18) in the section Pip- 
tatherum of the genus Urachne. They are 
here referred to the section Piptatherum 
under Orysopsis and are treated as dip- 
loids on the basis of chromosome counts 
for threg of them. The two species of 
unknown chromosome numbers are in- 
cluded because of their obvious close 
affinity on morphological characters to 
the other three. These five species range 
from southern Europe and northern 
Africa to Asia Minor and northeastward 
into Asiatic Russia. While they show 
variation in the size and number of spike- 
lets and in the density of the panicle, 
they nevertheless are a distinctly homo- 
geneous group whose coherence is trace- 
able through characters of the floral 
parts, inflorescence, and to some extent 
in vegetative characters (figs. 1-12; 
tables 1, 2). 

It will be noted (table 1) that while 
the lemma is greatly variable in size, 
from a length of about 2mm. in O. 
miliacea (fig. 1) to about 7 mm. in O. 
holciformis (fig. 10), the species figured 
here still shows a relationship in its gen- 
eral features. The lemma varies slightly 
in outline (table 
O. miliacea and O. 
O. paradoxa, O. 


2), from obovate in 
virescens to elliptic in 
coerulescens, and O. 
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Fics. 1-12.—Floral parts: Figs. 1, 2, Orysopsis mi 
cens; fig. 3, lemma side view; fig. 4, lemma front view; fig 
side view; fig. 7, lemma front view. Figs. 8, 9, O. coerulesc 
view. Figs. 10-12, O. holciformis; fig. 10, lemma side view 
X10. 





iliacea; fig. 1, lemma; fig. 2, spikelet. Figs. 3-5, O. vires- 


5 


. 5, spikelet. Figs. 6, 7, O. paradoxa; fig. 6, lemma 
ens; fig. 8, lemma side view; 


ig. 9, lemma front 
; fig. 11, lemma front view; fig. 12, spikelet. All 
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holciformis. It is quite uniform through- . the basal end of the floret is reduced 


out this group in lacking a clearly dif- rather than modified to form a callus, as 
ferentiated callus. In the case of O. coeru- in the other sections of the genus. In O. 


lescens (fig. 8) and O. holciformis (fig. 10), miliacea the edges of the lemma form 


TABLE 1 


MEAN LENGTHS (WITH S.D.) IN MILLIMETERS OF FLORAL AND VEGETATIVE 
PARTS OF FIVE SPECIES OF ORYZOPSIS OF SECTION PIPTATHERUM 

















| 
| O. miliacea O. virescens | O.paradoxa | O. coerulescens O. holciformis 
Pedicels: | | 
Oe | aguncberg r6.0+6.5 | S8.ot1.1 | «4.32%1.90 | 10.44.06 
Shorter intel  Ee@ops ROrGce S630, cme ree. eeecare: | | 5.0+2.5 
Glumes: 
2 eee 3.6+0.4 402023 |. Ggto9 | WEST. s: 4 16.373:0 
Second.............] 3.20.3 4.440.2 | 5§.44+0.7. | 7.1+40.7 9.741.9 
Lemma : raeeae| eee 3:0£0.2 | -4.:20.3 4.3+0.3 6.6+1.1 
Hairs of lemma....... None 0.3+0.0 | 0.3+0.0 None | 0.30.1 
Palea. . eee | 1.9+0.2 3.10.12 3.6+0.3 4:910-3 | 6.0+1.0 
Anthers: | | 
OS ee ree 1.4+0.1 Ne a od © ae 4:620:4 | "S:o#O:>3 | 4.0+0.9 
Next to longest. .... 1.4+0.1 2.3t0.1 6+0.2 2.9+0.3 4.0+0.8 
Anther beards........] 0.1+0.0 0.1+0.0 None | o.1+0.0 | Rudimentary 
Awn....... 3.7£0.7 621.2 | angtea | @afray | Fost3:2 
Ligule.... 1.70.0 | 0.8+0.3 | 0720.1 |  7Ore3 | 8.542.1 
No. of measurements. .| 10 | | | 


IO | 4 | 10 | IO 


TABLE 2 


MORPHOLOGICAL CHARACTERS OF FIVE SPECIES OF ORYZOPSIS OF SECTION PIPTATHERUM 

















O. miliacea O. virescens | O. paradoxa | O. coerulescens O. holciformis 
SL te eee Open Open Open | Open | Open 
Glumes: | | 
PRN oie Se x 5 Acuminate Acute Acuminate | Acuminate | Acuminate 
No. of nerves | 
First glume....... * ater | 5 5-9 5-8 
Second glume... .. 3 3 (5) 3 57 4 x7 
Lemma: | | | 
LS er ee Obovate | Obovate | Elliptic, flat | Elliptic; flat | Elliptic, flat 
No. of nerves....... 3 5 (7) 5 5 (6) 5 
PRAM es C865 stains Minutelylobed| Lobed Short lobed | Minutelylobed| Not lobed 
Palea: 
PRN a6 ais. piecea cw & | Elliptic Elliptic | Elliptic | Elliptic Elliptic 
No. of nerves....... 2 2 | 2(4) | 2 2 
Anther beards per sac. .| 3-8 o-4 | ° O-5 o-7 
Awn: | 
Persistence. ........| Deciduous | Deciduous | Deciduous Deciduous Tardily decid- 
uous 
Geniculation........) Straight Flexuous | Flexuous | Straight Flexuous 
MORIORE. os 50sec o03s | Scaberulous Scaberulous Scaberulous | Scaberulous Scaberulous 
Throat of sheath...... Glabrous Sparsely pu- | Sparsely pu- | Glabrous Glabrous 
bescent |  bescent | 
PORE. ba aa ccaeeea es | Normal Normal Normal Normal Normal 


| | | 


* Numbers in parentheses represent a few exceptional cases. 











id- 





1945] JOHNSON—ORYZOPSIS 7 


two small lobes in front of the awn. In 
O. virescens these lobes are more distinct, 
but in the other species they are reduced, 
being absent in O. holciformis. Together 
with this reduction of the callus and the 
lobes, there is a correlated dorsiventral 
flattening and induration of the lemma. 
All these features seem to be further 
correlated with increase in size. The 
small, thin lemma of O. miliacea also has 
only three nerves, while the larger, in- 
durate lemmas of the other species con- 
sidered here have from five to seven 
nerves. The lemma is typically glabrous 
or sparsely short pubescent, varying 
from pale in O. miliacea to dark brown in 
O. virescens, O. paradoxa, and O. coeru- 
lescens, and black in O. holciformis. 

The awn in all these species is weak. 
In all of them except O. holciformis it 
separates readily at the point of articu- 
lation with the lemma. Such a point of 
articulation is very obscure in O. holci- 


formis, and the awn is tardily deciduous, 


usually breaking off and leaving a jagged 
edge. O. coerulescens has a very much 
reduced and early deciduous awn. It is 
shorter than the body of the lemma. This 
reduction and early deciduousness of the 
awn occur sporadically in other groups of 
the Stipeae. Care should therefore be 
used in attaching any taxonomic sig- 
nificance to it beyond its specific value 
in these cases. 

The anthers of O. miliacea are bearded 
at the apex. In the rest of the species the 
beards are much fewer. In O. holciformis 
they are rudimentary. None were found 
in the small amount of material examined 
of O. paradoxa. 

A consistent character for the species 
of this section is found in the style 
branches (fig. 13), which are reflexed at 
anthesis, emerging some distance below 
the summit of the lemma. 

In all the Old World species the first 


glume is longer than the second, and 
both of them distinctly exceed the lem- 
ma (tables 1, 3). They vary from 3- 
nerved in O. miliacea to 8- or g-nerved in 
O. coerulescens and O. holciformis. As 
compared with other sections, the glumes 
in this section are somewhat inflated, 
loosely investing the lemma. 

The panicle is open and characterized 
by distant, spreading branches which bear 
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Fics. 13, 14.—Style branches: Fig. 13, Oryzopsis 
miliacea. Fig. 14, O. micrantha. X40. 


their spikelets distally. In O. miliacea 
the branches are several at each node. 
In O. virescens they are much fewer, and 
the branches and pedicels are long and 
capillary, producing a somewhat diffuse 
panicle. O. coerulescens and O. holciformis 
bear the panicle branches mostly singly 
or in pairs at the nodes and have shorter 
pedicels than has O. virescens. 

The leaves in this section are typically 
broad and flat, the uppermost ones on the 
culms frequently being reduced in length. 
This reduction occurs also in the other 








sections of the genus. The culms of O. 
miliacea have several nodes, while in the 
rest of the species the nodes are three 


TABLE 3 
RATIOS OF AVERAGE GLUME LENGTH TO LEMMA 
LENGTH AND OF LENGTH OF FIRST TO LENGTH 
OF SECOND GLUME IN ORYZOPSIS 


Av 


Lemma 


glume Glume 1 
Species 
’ Glume 2 


Diploid s 
Section Piptatherum— 


reEC1CS: 


O. miliacea. . . r. 55 t.i2 
QO. virescens 1.25 1.05 
O. paradoxa* 1.42 1.20 
O. coerulescens*.... r. 93 1.09 
O. holciformis 1.51 1.05 
Section Euoryzopsis 
O. micrantha 1.41 0.97 
O. pungens 0.88 I.03 
QO. canadensis*. . I.10 ©.97 
O. exigua* 0.05 0.93 
O. kingii I .09° 0.85 
Polyploid species: 
Section Piptatherum— 
O. racemosa id I.14 I.00 
Section Euoryzopsis 
O. asperifolia 1.04 0.96 
O. hendersoni*....... 1.06 0.98 


*Chromosome numbers not known. 
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or less per culm, as in other sections of 
Oryzopsis. 

Of the various species in the section 
Piptatherum, O. virescens is most nearly 
representative of the entire genus Oryzop- 
sis on a number of characters. It is not 
excessively specialized in those charac- 
ters which are peculiar to the section 
Piptatherum. From the condition found 
in this species, specialization within the 
section Piptatherum involves some re- 
duction of the callus, greater induration 
and dorsiventral flattening of the lem- 
ma and increase in its size, together 
with an increase in length and nervation 
of the glumes. O. holciformis is in these 
respects the most highly specialized 
species in this section. O. miliacea re- 
sembles the more highly specialized 
species in the shape and relative lengths 
of the glumes, but the small size of its 
floral parts and the lack of induration of 
its lemma suggest reduction. Also it 
departs from sectional characters in type 
of panicle and number of nodes per culm. 
Characters approaching those of O. 


TABLE 4 


CHROMOSOME NUMBERS IN SPECIES OF ORYZOPSIS AND STIPA 


NUMBER | 


SPECIES 


n 

Section Piptatherum: 

O. miliacea........ 

O. virescens... . 

O. holciformis. 

QO. racemosa...... 
Section Euoryzopsis: 

O. micrantha 

O. pungens 

OS <7 ee re 

O. asperifolia......... 
Section Eriocoma: 

O. hymenoides........... 
Genus Stipa: 

S. webberi. . 

S. pinetorum. ..«.. 

ee 


PREVIOUS RECORD 


2n 2n Authority 
24 24 | Avdulov, 1928 

24 | Avdulov, 1928 
BG. Vie walcn|aes 63 10s ue esse eaeene es 

| 
22 By NC ee eo ee 
ee Pee Ce Oe ee ee ee oe ae ee 
40 en ee Jose rene cence eens eeeee 
MO Rh 28 | Stebbins and Love, 1941 
Be tow tae Joss eeee Sait hecaee tte 
..| 32 | Stebbins, unpublished 

24 24 | Avdulov, 1928 
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virescens, which appears to show neither 
excessive specialization nor reduction, 
would serve not only as a possible point 
of divergence for the other species of 
the section Pipiatherum but also as a 
plausible source of characters for the 
sections Euoryzopsis and Eriocoma. That 
the section Piptatherum may be an- 
cestral to both of the other sections, at 
least in part, is indicated by chromosome 
numbers. 

The differentiation of such diverse 
species as O. miliacea and O. holciformis 
in the section Piptatherum has been ac- 
complished with scarcely any detectable 
alteration in the karyotype. AVDULOV 
(1) reports somatic complements of 24 
chromosomes for O. miliacea and O. 
virescens. The count for O. miliacea has 
been verified in this study (table 4). In 
addition, original counts for O. holci- 
formis made in this study show that it 
also has 2n = 24 chromosomes (table 4). 
The metaphase figures of O. miliacea and 
O. holciformis (figs. 15, 16) show no great 
differences. The chromosomes, as com- 
pared with other species of Oryzopsis, are 
small, both narrower and shorter. In 
each case two chromosomes of about 
average length bear satellites. In the par- 
ticular figure of O. holciformis shown in 
figure 16 only one satellite was visible. 

Idiograms (figs. 24, 25) of a chromo- 
some set of each species based on three 
somatic metaphase figures show the 
chromosomes of both species to vary in 
length from almost 2u to less than ty. 
The satellite is associated with a chromo- 
some of approximately the same length 
in each case. It is doubtful whether much 
significance can be attached to minor 
variations within the set as revealed by 
these idiograms. In O. holciformis, how- 
ever, the first or longest chromosome is a 
third again as long as the second. 

The count of 2n = 24 chromosomes 


JOHNSON—ORYZOPSIS 9 


for O. holciformis obtained in this study 
adds further evidence to that already 
cited by AvpuLov (2) to the effect that 
the basic haploid number in Oryzopsis 
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FIGS. 15-23.—Metaphase chromosomes from 


root tips: Fig. 15, Oryzopsis miliacea, 2n = 24. Fig. 
16, O. holcifermis, 2n = 24. Fig. 17, O. micrantha, 
an. = 22. Fig. 18, O. pungens, 2n = 22. Fig. 10, O. 


Ringit, 2n = 22. Fig. 20, O. racemosa, 2n = 46. 
Fig. 21, O. asperifolia, 2n = 46. Fig. 22, O. hyme- 
noides, 2n = 48. Fig. 23, Stipa webberi, 2n = 32. 


All X 2420. (Fig. 22 redrawn from JOHNSON and 
ROGLER, Amer. Jour. Bot.) 


is 12. AVDULOV (1) also reports a count 
of 2n = 24 for Stipa sibirica Lam. and 
concludes (2) that 12 is the basic haploid 
number for that genus as well. His count 
for S. sibirica is verified in this study by 
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several counts of n = 12 obtained at 
diakinesis. 

The species of the section Piptatherum 
considered here are treated as diploids 
on the basis of x = 12, although evidence 
to be discussed later indicates that the 


primary basic number for both Stipa and 
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Oryzopsis possibly is x = 6, as suggested 
by STEBBINS and LOVE (16). 

The following herbarium specimens' 

' The herbaria from which specimens were loaned 
are designated by letters as follows: University of 
California, Berkeley (UC); United States National 
Museum (US); Missouri Botanical Garden (MBG); 
University of Idaho, Southern Branch, Pocatello 
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Fics. 24-32.—Idiograms of chromosomes at somatic metaphase: Fig. 24, Oryzopsis miliacea. Fig. 25, O. 
holciformis. Fig. 26, O. micrantha. Fig. 27, O. pungens. Fig. 28,0. kingii. Fig. 29, O. racemosa. Fig. 30,0. asperi- 


folia. Fig. 31, O. hymenoides. Fig. 32, Stipa webberi. 
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were used in compiling the data for 
tables 1 and 2: 

Oryzopsis miliacea.—France: Belle- 
vue, 1902, Bertrand (UM); Annot, 1902, 
Legrelle (UM). Canary Islands: Cook 
739 (MBG). Palestine: Jerusalem, Dins- 
more and Meyers 2146a (UM). Tunisia: 
Gabes, Pitard 288 (MBG). 

Oryzopsis virescens.—Rumania: “Ad 
thermas Herkulis,” Thaisz 15 (UM); 
1923, Borza and Nyarady (MBG); 
between Plavisevita and Dubova, 1910, 
Peterfi (MBG). Hungary: Buda (MBG 
210644). Yugoslavia: Gottschee, 1826, 
Miiller (MBG). 

Oryzopsis paradoxa.—Algeria: Tlem- 
cen, 1856 (MBG 210637); 1906-07, 
Gandoger (MBG). 

Oryzopsis coerulescens.—Greece: Ma- 
cedonia (MBG 210619). Turkey: Smyr- 
na, 1827, Fleischer( MBG). Sicily: Pisano 
(MBG 210617). “Rupibus Montis Catha- 
rinae” (probably Mt. Sinai): 1835, 
Schimper (MBG). France: Aude, La 
Nouvelle, 1901, Sennen (UM). 

Oryzopsis holciformis.—Rumania: Or- 
sova, Degen 3991 (MBG); 1910, Peterfi 
(MBG); between Plavisevita and Dubo- 
va, Degen 16 (UM). Palestine: Jerusa- 
lem, Meyers and Dinsmore 2687 (UM). 
Persia: Shiraz, 1845, Hohenacker (MBG). 


II. DIPLoID SPECIES OF SECTION 
EvorYZOPSIS 


Seven North American species of 
Oryzopsis are included in the section 
Euoryzopsis. Five of these—O. micrantha 
(Trin. and Rupr.) Thurb., O. pungens 
(Torr.) Hitche., O. canadensis (Poir.) 
Torr., O. exigua Thurb., and O. kingii 
(Boland.) Beal—form a basal group in 
that section and are here treated as dip- 
(UIS); University of Minnesota (UM); State Col- 
lege of Washington, Pullman (WS); University of 
Wyoming (UWy); University of Colorado (UCo). 


loids, on the basis of chromosome counts 
for three of them and on the strength of 
morphological similarity on the part of 
the other two species. TRINIUS and 
RuprecutT (18) included O. micrantha 
in their section Oryzopsis, which was 
about equivalent to the present section 
Euoryzopsis, at the same time pointing 
out its close affinity to O. miliacea— 
which they placed in the section Pipta- 
therum. O. pungens (Torr.) Hitchc., which 
was originally described under the gener- 
ic name of Milium, was included by 
Trinius and RupReEcurt in their section 
Oryzopsis as a synonym of O. canadensis 
(Poir.) Torr. HitcHcock (7) recognized 
them as distinct species. O. canadensis 
and O. kingii were originally described 
under Stipa. O. exigua is the only one of 
these five species originally described 
under its present generic name. While 
this group of species is coherent on a 
number of characters, O. micrantha is 
somewhat detached from the rest by its 
affinity to the section Piptatherum. 

In contrast to the section Piptatherum, 
this group of species (figs. 33-42; tables 
5, 6) shows no induration nor dorsi- 
ventral flattening of the lemma, nor any 
appreciable variation in its size. The 
lemma in O. micrantha (fig. 33) is obo- 
vate and mostly glabrous, although a 
less common form has a pubescent lem- 
ma. In the other four species it is pubes- 
cent and fusiform, attaining a narrow, 
stipoid form in O. kingii (fig. 41). In this 
group, departure from the characters of 
the genus as a whole is expressed in 
greater differentiation of a callus and the 
development of a strong, twisted awn, 
which in some species is geniculate and 
persistent. These are the features which 
in their more extreme expression con- 
stitute the generic characters of Stipa. 
In fact, on the basis of morphological 
characters there is no definite line of 








a2 


demarcation between Stipa and _ this 
section of Oryzopsis. 

In O. micrantha the callus is weakly 
developed, as in the section Piptatherum. 
In O. pungens (fig. 35) it is blunt and 
slightly swollen, while in O. exigua (fig. 
37), O. canadensis (fig. 39), and O. kingii 
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it is longer and more clearly differentiat- 
ed from the body of the lemma. In O. 
kingit it is as sharp as in some species of 
Stipa. 

The awn in O. micrantha is weak and 
flexuous, as in the section Piptatherum. 
In O. pungens it is greatly reduced, but 
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Fics. 33-42.—Floral parts: Figs. 33, 34, Oryzopsis micrantha; fig. 33, lemma; fig. 34, spikelet. Figs. 35, 36, 
O. pungens; fig. 35, lemma; fig. 36, spikelet. Figs. 37, 38, O. exigua; fig. 37, lemma; fig. 38, spikelet. Figs. 30, 
40, O. canadensis; fig. 39, lemma; fig. 40, spikelet. Figs. 41, 42, O. kingii; fig. 41, lemma; fig. 42, spikelet. All 
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such an extreme expression of this char- 
acter apparently has no significance be- 
yond the species in which it occurs, as 
previously pointed out. In O. exigua the 


awn is about 7 mm. long, sharply once 
geniculate, and twisted. In O. canadensis 
it is longer, twisted, and obscurely twice 
geniculate. In O. kingii the awn reaches 


TABLE 5 
MEAN LENGTHS (WITH S.D.) IN MILLIMETERS OF FLORAL AND VEGETATIVE 
PARTS OF FIVE SPECIES OF ORYZOPSIS OF SECTION EUORYZOPSIS 


O. micrantha O. pungens O. canadensis O. exigua O. kingii 
Pedicels: | 
ROGUE cack 6 | Sabres y Py ip | 2 OLE 4+0.8 
Shorter. ....4....-.| BetOoe | s6#org 4.342.0 | 2.41.3 1.8+0.6 
Glumes: | 
WO: chow as olaceds | gators | 3.gho-5 3.8+0.2 4.2+0.5 3.50.5 
~: a.230:3 | - g:820-4 3.90.1 4.50.5 4.10.5 
Oo eee eee aat0.e | 3:726:2 4.§46.3" 4.6+0.4 3-St0.9 
Hairs of leomma...... None 0.4+0.0 0.5+0.0* | 0.4+0.1 0.4+0.0 
es MMe 3-4£0.2 | 2.9%0.3° | 4.340:5 2.70.2 
Anthers: 
EUR io 5 6o5is8 vcs BIEC.2 | sevtd.s 2:0£0.1" | %9:440:37 |. 1¥.720<4 
Next to longest.....) 1.1t0.1 | 2.1+0.2 2.650.3" | 2:4250-3) .9EO@:) 
Anther beards........ None | Rudimentary | o.r+0.0 | o0.5+0.2 o.1+0.7 
ae Area ret ae | 6.§21.4 1.20.2 8.5+0.8 §-6+1.1 18.81.79 
BLUES 5:655.0.5 ers care | 750.3 | .3.8ko:g «|  weeecs 3:026.7 2.0+0.4 
No. of measurements. . | 22 16 8 16 16 


* Based on 6 measurements. 
t Based on 13 measurements. 


TABLE 6 


MORPHOLOGICAL CHARACTERS OF FIVE SPECIES OF ORYZOPSIS OF SECTION EUORYZOPSIS 


























| O. micrantha O. pungens O. canadensis | O. exigua | O. kingii 
2 ree Open | Mostly narrow} Open Narrow Narrow 
Glumes: | | 
MEMO cs cadeiaie cen) | Acuminate | Obtuse or | Obtuse or | Obtuse or Obtuse 
| acute acute acute 
No. of nerves— | 
First glume....... 1-3 (5)* 1-3 (5) I-3 1-3 (5) o-1 (3) 
Second glume. .... -3 (5) 1-3 (5) | = 1-3 (5) 1-3 (5) 1 (3) 
Lemma: | 
Shape ee a Fusiform | Fusiform Fusiform | Fusiform 
No. of nerves... 5 5 (7) | 5 5 (7) 3 (s) 
Summit..... ..| Not lobed Minutely lobed} Not lobed | Lobed | Minutely lobed 
Palea: 
1 a terre Broad elliptic | Elliptic Elliptic Elliptic Elliptic 
No. of nerves....... 2 2 2 2 (4) 2 
Anther beards per sac. . o-1 (2) o (2) o-4 0-3 (5) 3-7 
Awn: 
Persistence. ........ Deciduous Deciduous Tardily decid- | Tardily decid- | Mostly persist- 
uous uous ent 
Geniculation. Flexuous Straight Twice (weakly)| Once Curved 
ORR ca aticed « Scaberulous | Scaberulous Scaberulous Scaberulous Scaberulous 
Throat of sheath. . Glabrous | Glabrous Glabrous Glabrous Glabrous 
PN 6 sie ciainra owen, tir8 | Normal Normal Normal Normal Normal 
| | | 


* Numbers in parentheses represent a few exceptional cases. 
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its greatest development and is twisted 
and weakly geniculate. In O. micrantha 
and O. pungens the awn is early decidu- 
ous. In O. exigua and O. canadensis it is 
deciduous at maturity, but in O. kingii 
it is often quite persistent, as in the 
genus Stipa. Thus the characters which 
are usually relied upon to separate the 
two genera break down within this group 
of stipoid species of Oryzopsis. 

In the section Euoryzopsis the second 
glume is longer than the first, except in 
O. pungens (tables 3, 5). In O. micrantha 
(fig. 34; table 6) the glumes are acumi- 
nate and exceed the lemma. In this re- 
spect they resemble the section Pipta- 
therum. However, they are thin and fre- 
quently only 1-nerved, suggesting the 
reduction of the glumes—which is more 
clearly expressed in the other four species 
of the section Euoryzopsis considered 
here. These species (figs. 36, 38, 40, 42; 
tables 5, 6) show reduction in nervation 
and length of glumes to the condition 
found in O. kingii, which has obtuse, 
mostly 1-nerved glumes that are shorter 
than the lemma. 

The panicle in O. micrantha is open, 
often with reflexed branches similar to 
that of the section Piptatherum. In O. 
pungens it is mostly narrow but some- 
times open, as it is also in O. canadensis. 
In O. exigua and O. kingii it is narrow, as 
in the genus Stipa. The anthers of these 
species are mostly beardless, or have only 
a few small beards, as in the section 
Piptatherum. O. kingii has three to seven 
beards per anther sac. The leaves in all 
these species are narrow and in most of 
them involute, in contrast to the wide, 
flat leaves of the section Piptatherum. 

Another feature which appears effec- 
tively to separate these two groups is the 
style branches, which in the section Ew- 
oryzopsis (fig. 14) are erect at anthesis, 
emerging at the summit of the lemma, 
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while in the section Piptatherum (fig. 13) 
they are reflexed, emerging below the 
summit. 

O. pungens and O. canadensis are close 
together taxonomically, differing mostly 
in the character of the awn. They also 
occupy similar ranges (figs. 44, 46), with 
O. pungens more widely distributed in 
the United States. Authentic material of 
O. canadensis is scarce. Only four collec- 
tions, ranging from northern Labrador 
to the New England states and Michigan, 
have been examined in this study. The 
range of O. pungens extends westward in 
United States and Canada, probably 
coming in contact with the range of O. 
exigua (fig. 45). On the other hand, O. 
kingii (fig. 47) is endemic to the meadows 
at high altitudes in the central Sierra 
Nevada Mountains, where it occurs 
abundantly. The geographic range of 
O. micrantha (fig. 43) is roughly similar 
to that of O. exigua. 

Thus, while this group of species is 
coherent on a number of characters, it is 
apparent that at the more specialized 
extreme O. kingii intergrades with the 
genus Stipa, while at the less specialized 
extreme O. micrantha shows an admix- 
ture of characters of Piptatherum. O. 
kingii, which was transferred from Stipa, 
is so closely allied to that genus on most 
characters that its assignment to either 
Oryzopsis or Stipa is largely arbitrary. 
Its narrow, non-indurate lemma, with a 
sharp callus and strong, twisted, persist- 
ent awn, its narrow panicle, and slender, 
involute leaves are characters which 
would place this species in Stipa were it 
not for the gradation toward Oryzopsis 
supplied by the other stipoid species. 
The affinity of O. micrantha to the sec- 
tion Piptatherum is recognized by EL1As 
(5), who placed it in that section. The 
admixture of Piptatherum characters in 
O. micrantha is evidenced by its flexuous 
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awn and weak callus, its open panicle Aside from these characters, similarity 
with reflexed branches, and its acuminate between O. miliacea and O. micrantha ap- 
glumes. In these features O. micrantha pears to be mostly superficial. The lem- 
is abruptly set off from the other four mas of both are of about the same length 
stipoid species in the section Euoryzopsis and smaller than in any other species of 
considered here. their respective sections. This apparent 
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F'1Gs. 43-53.—Geographic distribution of North American species of Orysopsis and Stipa webberi: Fig. 43, 
O. micrantha. Fig. 44, O. pungens. Fig. 45, O. exigua. Fig. 46, O. canadensis. Fig. 47, O. kingii. Fig. 48, O. race- 
mosa. Fig. 49, O. hendersoni. Fig. 50, O. asperifolia. Fig. 51, O. hymenoides. Fig. 52, O. hymenoides var. con- 
tracta. Fig. 53, Stipa webberi. 
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reduction has left the glumes of O. mi- 
crantha longer than the lemma, simulat- 
ing the condition in O. miliacea, but other 
features of the glumes in the former 
species still show its sectional affinity. 
The second glume exceeds the first, and 
both show the reduction in nervation 
characteristic of the section Euoryzopsis. 
The major affinity of O. micrantha to 
that section is further evidenced by its 
narrow, involute leaves, its erect style 
branches, and its geographic range. To 
this may be added the evidence from 
chromosome numbers. Thus, by virtue 
of the combination of characters in O. 
micrantha, the other four stipoid species 
in the section Euoryzopsis articulate 
with the section Piptatherum. 

O. micrantha was found to have a 
somatic complement of 22 chromosomes 
(table 4). As in the Old World species, 
many figures (fig. 17) were observed in 
which two chromosomes of about aver- 
age length bore satellites. The chromo- 
somes, however, are much larger than in 
either O. miliacea or holciformis. From 
the idiogram (fig. 26) it will be noted 
that they range in length from about 
3.5 to 1.5, most of them being longer 
than the longest chromosomes in the 
Old World species. O. pungens and O. 
kingii were also found to have 2n = 22 
chromosomes (figs. 18, 19), with a similar 
range in length (figs. 27, 28). Cytological 
material was not obtained for O. exigua 
and O. canadensis. 

On the basis of karyotype, therefore, 
O. micrantha, O. pungens, and O. kingii 
are quite similar, and, except for the 
combination of characters in O. micran- 
tha, the sections Piptatherum and Eu- 
orysopsis, as judged from the species 
thus far considered, appear to have di- 
verged along separate lines of specializa- 
tion, having basic chromosome numbers 
of x = 12 (or 6) andx = 11, respectively. 
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Within the section Piptatherum, as pre- 
viously pointed out, specialization in- 
volves reduction of the callus, indura- 
tion and dorsiventral flattening of the 
lemma and increase in its size, together 
with an increase in length and nervation 
of the glumes. Within the section Eu- 
oryzopsis, O. micrantha presents some 
Piptatherum characters, but the rest of 
this line with x = 11 chromosomes illus- 
trates specialization of the awn and callus 
and the development of a stipoid lemma, 
together with reduction in length and 
nervation of the glumes. This line evi- 
dently terminates in the genus Stipa, 
where it is represented by several poly- 
ploid species. 

AvbULOV (2) reports counts of 2n = 
44 chromosomes in seven Old World 
species of Stipa and concludes that, in 
addition to the primary basic number of 
X = 12, a secondary basic number of 
x = 11 has arisen in that genus. NIEL- 
SEN (13), working with American species, 
lists 2n = 44 chromosomes for Stipa 
columbiana Macoun and 2n = 66 for 
S. pulchra Hitchce. Further evidence for 
the existence of two basic numbers in 
Stipa is supplied by STEBBINS and LOVE 
(16), who report aneuploidy in that 
genus, with chromosome counts which 
suggest a modified polyploid series on 
the basis of x = 6 and x = 11. It seems 
probable that the line tentatively iso- 
lated by the change to x = 11 chromo- 
somes has evolved through less special- 
ized forms, such as the stipoid species in 
the section Euoryzopsis, and finally has 
become highly specialized in tetraploid 
and hexaploid species of Stipa. The 
x = 12 (or 6) line, as previously men- 
tioned, is represented in Stipa by S. 
sibirica with 2n = 24 chromosomes, and 
—as pointed out by STEBBINS and LovE 
(16)—probably also by a number of 
American species which have 2n = 36 
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chromosomes. The two basic lines in 
that genus, however, become obscured 
by the conspicuous aneuploid series. 
This series may be in part the result of 
allopolyploidy between the two lines. 

The following herbarium specimens 
were used in compiling the data for 
tables 5 and 6: 

Oryzopsis micrantha.—Alberta (As- 
siniboia): Medicine Hat, Macoun 7505 
(UM). North Dakota: Morton County, 
Colebank 77 (UM). South Dakota: 
Harney Peak, 1924, McIntosh (UWy). 
Montana: Lower Sand Coulee, Williams 
815 (UM). Nebraska: War Bonnet 
Canyon, 1890, Williams (UM). Wyo- 
ming: New Castle, Pammel 147 (UM). 
Utah: Fish Lake, Jones 5746 (UWy). 
Colorado: Larimer County, Gooding 
1920 (UCo). Nevada: Deer Creek, Clok- 
ey 7825 (UM). New Mexico: Lincoln 
County, Earle and Earle 165 (UWy). 
Arizona: Flagstaff, MacDougal 296 
(UWy). 

Orysopsis pungens.—Quebec: Calu- 
met, 1891, Macoun (UM). New Hamp- 
shire: Carroll County, Weatherby and 
Smith 821 (UM). Vermont: Barnet, 
1886, Blanchard (UM). Michigan: Ke- 
weenaw County, Hermann 7585 (UM). 
Wisconsin: Chippewa Falls, Rosendahl 
and Butters 3148 (UM). Minnesota: 
Lake County, Lakela 2404 (UM); Itasca 
Park, Nielsen 1935 (UM). British Colum- 
bia: Emerald Lake, Shaw 15 (UM). 

Oryzopsis canadensis.—Labrador: Un- 
gava River, Spreadborough 13345 (US). 
Maine: Aroostook County, St. John 
and Nichols 2123 (US). New Hampshire: 
Echo Lake, 1878 Faxon (US). Michigan: 
Marquette County, Hermann 7714 (US). 

Oryzopsis exigua.—British Columbia: 
Coldwater River, Copley 56 (WS). 
Washington: Kititas County, Vasey 34 
(WS). Oregon: Wallowa Mountains, 
Cusick 3302a (WS). Idaho: Custer 


County, McBride and Payson 3430 
(UWy), Nelson and McBride 1555 (WS). 
Montana: Yellowstone Falls, 1899 Blank- 
enship (UWy). Wyoming: Lincoln Coun- 
ty, Payson and Armstrong 3613 (UWy); 
Uinta County, Nelson and Nelson 6511 
(UWy). 

Oryzopsis kingit.—California: Mt. Sil- 
liman, 1905, Brandegee (UC); Fresno 
County, Hall and Chandler 601 (UM), 
Sharsmith 3082 (UC); Tuolumne Coun- 
ty, Sharsmith 228 (UC), 1936, Haw- 
becker (UC); Mono County, Yates 
6306 (UC); Mariposa County, 1808, 
Congdon (UM), 1894, Congdon (UM). 


III. POLYPLOID SPECIES OF SECTIONS 
PIPTATHERUM AND EUORYZOPSIS 

Three North American species of 
Oryszopsis characterized by large spike- 
lets appear to combine some of the char- 
acters of the two lines represented by 
basic haploid chromosome numbers of 
x = 11 and x = 12 (or 6). These are 
Oryszopsis racemosa (J. E. Smith) Ricker, 
O. asperifolia Michx., and O. hendersoni 
Vasey. Chromosome counts were not ob- 
tainable for O. hendersoni. It is treated 
together with the other two species be- 
cause it shows a similar combination of 
morphological characters. 

In O. racemosa (figs. 54-56; tables 7, 
8) the lemma is very similar to that in 
O. holciformis, being compressed dorsi- 
ventrally, greatly indurate, and black at 
maturity. As in that species also, the 
point of articulation of the awn at the 
summit of the lemma is obscure, and the 
awn is tardily deciduous—often break- 
ing off and leaving an irregular edge. 
The awn is weak and flexuous, and the 
panicle is distinctly of the type described 
for the Old World species belonging to 
the section Piptatherum. The glumes are 
large and many-nerved, and the leaves 
are broad. However, the lemma in O. 
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racemosa is contracted near the base, 
forming an indistinct callus. A large scar 
is present at the point of union with the 
pedicel. These features suggest the sec- 
tion Euoryzopsis, in which the callus is 
well developed. The lemma is more pu- 
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bescent than is common in the section 
Piptatherum, and the glumes (table 3) 
are more nearly equal, more abruptly 
acuminate, and do not exceed the lemma 
as much as they commonly do in that 
section. These are characters which also 
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Fics. 54-60.—Floral parts: Figs. 54-56, Oryzopsis racemosa; fig. 54, spikelet; fig. 55, lemma side view; 
fig. 56, lemma front view. Figs. 57, 58, O. hendersoni; fig. 57, spikelet; fig. 58, lemma. Figs. 59, 60, O. asperi- 


folia; fig. 59, lemma; fig. 60, spikelet. All X10. 
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suggest the section Ewuoryzopsis. This 
species was included in the section 
Orysopsis by TRintus and RUPRECHT 
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(18), but it is here included in the section 
Piptatherum—to which it seems more 
closely related on morphological char- 


MEAN LENGTHS (WITH S.D.) IN MILLIMETERS OF FLORAL AND VEGETA- 
TIVE PARTS OF THREE SPECIES OF ORYZOPSIS OF SECTIONS 


Pedicels: 

Fo ee 

Shorter... 
Glumes: 

First. 

Second 
Lemma... 
Hairs of lemma 
Palea 
Anthers: 

Longest 

Next to longest 
Anther beards 
Awn 
Ligule 


No. of measurements 


QO. racemosa 
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* Based on single measurement 


TABLE 8 


PIPTATHERUM AND EUORYZOPSIS 


O. asperifolia 
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O. hendersoni 


9.01.9 
4.341.7 


510.3 
6+0.3 
. 
None 
3.0* 
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MORPHOLOGICAL CHARACTERS OF THREE SPECIES OF ORYZOPSIS 


OF SECTIONS PIPTATHERUM AND EUORYZOPSIS 


Panicle 
Glumes: 
Shape 


No. of nerves 
First glume 
Second glume 

Lemma: 

Shape 

No. of nerves 

Summit 

Palea: 
ee 

No. of nerves 

Anther beards per sac 
Awn: 

Persistence... . 

Geniculation 

Texture er 

Throat of sheath... . 
Pollen 





O. racemosa 


Open 
Abruptly acumi- 
nate 


(5) 7-9* 
Elliptic, flat 
5 
Not lobed 


Elliptic 
2 or 4 
fe) 


Tardily deciduous 
Flexuous 
Scaberulous 
Puberulent 


Normal 
| 


O. asperifolia 


Mostly narrow 


Abruptly acute 


7-9 (11) 
7-9 
Broad fusiform 


7-9 (12) 
Short lobed 


Elliptic 
2 


(4) 
20-40 


O. hendersoni 


Narrow 
| Abruptly acute 


5 
3 


YUN 


Broad fusiform 


5 
Lobed 


| Elliptic 
2 


ao 


Tardily deciduous | Deciduous 


Curved 
Scaberulous 
Glabrous 
Normal 


Curved 

| Puberulent 
| Glabrous 
j ae: 





* Numbers in parentheses represent a few exceptional cases 
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acters. Eras (5) also included it in the 
latter section. 

Oryzopsis racemosa was found to have 
2n = 46 chromosomes (fig. 20). That 
number would be expected in an allotet- 
raploid between a species with 2n = 24 
and a species with 2n = 22 chromosomes. 
O. racemosa may represent such a tetra- 
ploid between the lines described for the 
sections Piptatherum and Euoryzopsis. 
The idiogram for this species (fig. 29) 
shows the chromosomes to range in 
length from about 2.64 to about ry. 
This range takes in almost the entire 
range of O. holciformis plus much of the 
range of O. micrantha, for example. Thus, 
on the basis of chromosome number and 
length, together with features of gross 
morphology, O. racemosa seems to rep- 
resent an allotetraploid between the two 
lines in Orysopsis with basic numbers of 
x = 12 (or 6) and x = 11 (fig. 81). It is 
not presumed that any precise species of 
Oryzopsis still in existence were involved 
in this synthesis. On morphological 
characters, O. racemosa approaches most 
closely to O. holciformis on the Pipta- 
therum side, but in present-day flora 
their geographic ranges are thoroughly 
isolated. The geographic range of O. 
racemosa (fig. 48) includes that of O. 
pungens and O. canadensis, at least in 
the United States. 

O. asperifolia (figs. 59, 60; tables 7, 8) 
is the type of the section Euoryzopsis. 
On the majority of characters it is similar 
to the other species of that section, es- 
pecially to O. pungens. It has a fusiform 
lemma with a swollen, blunt, pubescent 
callus. The glumes (table 3) are about 
equal to the lemma in length, and the 
second exceeds the first. The panicle is 
narrow, as is mostly the case in O. 
pungens. These two speeies are also simi- 
lar in having the upper culm blades re- 
duced to rudiments sometimes less than 
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5mm. long. The basal leaves in both 
species are erect, firm, scabrous, and 
sharp-pointed. The geographic range of 
O. asperifolia (fig. 50) includes that of 
O. pungens, and their flowering season is 
the same—very early spring. These two 
species are, however, very different in 
size of plant as well as in size of floral 
parts, O. aspertfolia being much the larg- 
er. In a few characters O. asperifolia 
shows affinity to the section Piptatherum. 
The lemma is more sparsely pubescent 
and more indurate than in the smaller 
species of the section Euorysopsis. The 
awn is weak and flexuous, and the glumes 
are wide and many-nerved. These fea- 
tures are present in the section Pipta- 
therum. The convolute, lobed lemma of 
O. asperifolia is found in only one other 
species, O. hendersoni. 

O. asperifolia was also found to have 
2n = 46 chromosomes (fig. 21), and 
may—like O. racemosa—represent an 
allotetraploid between the lines de- 
scribed for the sections Piptatherum and 
Euoryzopsis with species having 2n = 24 
and 2n = 22 chromosomes, respectively. 
The idiogram (fig. 30) of O. asperifolia 
shows the chromosomes to range in 
length roughly from 3 to 1.54. That range 
includes only about three of the longest 
chromosomes in the idiograms of the 
diploid species illustrated from the sec- 
tion Piptatherum but includes most of the 
range in chromosome length of the dip- 
loid species illustrated from the section 
Euoryzopsis. There is no existing species 
in the section Piptatherum with 2n = 24 
chromosomes whose geographic range is 
in contact with that of O. asperifolia, nor 
is it probable that the establishment of 
such an allotetraploid is of recent oc- 
currence. The presence of Piptatherum- 
like species in the Tertiary flora of Colo- 
rado is evidenced by the work of ELIAs 
(5), who describes the fossil species 











ae a ae eee 


nd 


ly. 
lia 
in 
ge 
est 
the 
seC- 
the 
lip- 
‘ion 
cies 
: 24 
e is 
nor 
t of 


Oc- 
‘um- 
‘olo- 
LIAS 











1945] JOHNSON—ORYZOPSIS 21 


Paleoeriocoma hitchcocki from the Middle 
Pliocene and points out that it resembles 
the living species of the related section 
Piptatherum of the genus Oryzopsis in 
the dorsiventral flattening of the hull. 

Orysopsis hendersoni (figs. 57, 58; 
tables 7, 8) has been reported from only 
two localities, Mount Clements, Wash- 
ington, and the Ochoco National Forest, 
Oregon (fig. 49). In size of plant and 
floral parts it is smaller than O. asperi- 
folia or O. racemosa, but like these it 
seems to combine some of the charac- 
ters of the more specialized 24- and 22- 
chromosome species in the sections Pip- 
tatherum and Euoryzopsis, respectively. 
The lemma is glabrous and dark brown, 
as in some species of the former section, 
but it is convolute as in O. asperifolia 
and has a moderately differentiated cal- 
lus and a fairly strong awn, as in other 
species of the section Euoryzopsis. The 
wide several-nerved glumes suggest the 
section Piptatherum, but their length and 
the contracted panicle suggest the sec- 
tion Euoryzopsis. No cytological material 
was obtained for this species. It is in- 
cluded in the section Euoryzopsis. 

The following herbarium specimens 
were used in compiling the data for 
tables 7 and 8: 

Oryzopsis racemosa.—Maine: Auburn, 
1898, Merrill (UM). Massachusetts: 
Woburn, 1890, Swan (UM). New York: 
Canandaigua Lake, 1892, Durand (UM). 
New Jersey: Sussex County, McKenzie 
2308 (UM). Virginia: Giles County, Fogg 
14914 (UM). Michigan: Hubbardston 
(without date), Wheeler (UM). Wis- 
consin: Devils Lake, 1896, Umbach 
(UM). Iowa: Ames, 1896, Ball (UM); 
1897, Ball (UM). Minnesota: Becker 
County, Grant 3085 (UM); Hennepin 
County, 1889, Aiton (UM). South Dako- 
ta: Bigstone City, Moore 543 (UM). 
Oryzopsis asperifolia.—Ontario: Ed- 


monton, 1893, White (UM). Vermont: 
Peacham, 1888, Blanchard (UM). New 
York: Canandaigua, 1892, Durand (UM). 
Pennsylvania: Potter County, 1926, 
Sowden (UM). Michigan: Jackson Coun- 
ty, 1897, Camp (UM). Wisconsin: St. 
Croix Falls, Benner 264 (UM). Minne- 
sota: Carlton County, Lakela 1924 
(UM). North Dakota: Rolette County, 
Lunell 873 (UM). South Dakota: Pied- 
mont, 1895, Pratt (UM). Wyoming: 
Hulett County, Ownbey 598 (UWy). 
Washington: Metaline Falls, Hitchcock 
2936 (WS). Colorado: Larimer County, 
1897, Osterhout (UM). 

Oryzopsis hendersoni.—Washington: 
Yakima County, Clements Mountain, 
Henderson 2249 Isotype (WS). 


IV. SECTION ERIOCOMA 


Oryzopsis hymenoides (Roem. and 
Schult.) Ricker (figs. 61-67; tables 9, 10), 
which belongs to the section Eriocoma, 
is characterized by a greatly indurate, 
broadly fusiform lemma (figs. 63, 66, 67) 
with a distinct, oblique callus and lobes 
at the summit. In its induration and 
somewhat in its outline it is similar to 
the lemma of O. virescens (figs. 3, 4), 
which belongs to the section Piptatherum, 
but the callus in O. hymenoides distin- 
guishes it clearly. The lemma is clothed 
with long silky hairs almost equal in 
length to the lemma itself, and has a 
straight, early deciduous awn only slight- 
ly longer than the lemma. It has five 
nerves, with exceptional cases of three. 
The anthers are conspicuously bearded 
at the apex. The glumes are long acumi- 
nate and invest the lemma closely, the 
first being commonly 3-nerved and the 
second 5-nerved. The panicle is diffuse, 
with divaricate, long, capillary pedicels 
which are twice as long as the awned 
floret. These features also suggest the 
panicle of O. virescens. 
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Thus, in several features O. hymenoides_ There is little if any resemblance to the 
shows affinity to the section Piptatherum, section Euoryzopsis in these features, 
but it differs from the species of that sec- except in the callus. The glumes are even 
tion in the presence of a callus, in the more narrowly acuminate than those in 
long hairs of the lemma, and in the Piptatherum and differ greatly from the 
glumes which closely invest the lemma. blunt glumes in the section Euoryzopsis. 
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7 64 

Fics. 61-72.—Floral and vegetative parts: Figs. 61-67, Orysopsis hymenoides; fig. 61, spikelet; fig. 62, 
ligule and throat of sheath; figs 63, lemma; fig. 64, palea; fig. 65, anther set; fig. 66, lemma side view with 
hairs removed; fig. 67, same, front view. Figs. 68-72, O. hymenoides var. contracta; fig. 68,-spikelet; fig. 69, 
ligule and throat of sheath; fig. 70, lemma; fig. 71, palea; fig. 72, anther set. All X10. 








Pedicels: 
Longer. . . 
Shorter 

Glumes: 

First. . 
Second 

Lemma 

Hairs of lemma 

Palea. 

Anthers: 
Longest 
Next to longest 

Anther beards 

Awn... 

Ligule 


No. of measurements 





Panicle 
Glumes: 
Shape 
No. of nerves 
First glume 
Second glume 
Lemma: 
Shape 
No. of nerves 
Summit 
Palea: 
Shape 
No. of nerves 
Anthers: 
Dimorphism 
Abortion 


No. of beards per sac 


Awn: 
Persistence 
Geniculation 
Texture 
Throat of sheath 
G2; Pollen 
with 
r. 09, 





+ Based on 43 measurements 


O. hymenoides* 


14.724.4 

1r.0+3.8 
6.322.6 
5.6+0.8 
3-3£09.3 
2.90.4 
2.8+0.3 
326.3 
?.3206.3 
0.4+t0.1 
4.5211 
4.7+1.0f 

60 


t Based on 4 measurements 
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* Data for O. hymenoides from JoHNSON and RoGLer, Amer. Jour. Bot 


TABLE 10 


O. hymenoides* 


Diffuse 


Ovate 


-_ 


5)t 
rs @ 


Broad fusiform 
)5 


3 
(3 


3 
Lobed 


Elliptic 
2 


Equal 
All normal 
(4) 10-12 (18) 


Deciduous 
Straight 
Scaberulous 
Pubescent 
Normal] 


3 
| 3 (5) 


O. hymenoides 
var. contracta 


Contracted 
Ovate 


+2 short) 


Broad fusiform 
3 (5) 
Long lobed 


Elliptic 
2 
Equal 
All normal 
o-6 


Deciduous 
Straight 
Scaberulous 
Glabrous 
Normal 


* Data for O. hymenoides from JoHNSON and RoGLer, Amer. Jour. Bot 
t Numbers in parentheses represent a few exceptional cases. 
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S. webberi 


Narrow 
Lanceolate 


3 (5) 
3 (5) 


aun 


Narrow fusiform 


5 
Long lobed 


Narrow elliptic 
2 

Equal 

All normal 
° 


Deciduous 
Weakly bent 
Scaberulous 
Glabrous 
Normal 





MEAN LENGTHS (WITH S.D.) IN MILLIMETERS OF FLORAL AND VEGETATIVE 
PARTS OF ONE SPECIES AND A VARIETY OF ORYZOPSIS OF SECTION 
ERIOCOMA AND OF TWO SPECIES OF STIPA 
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MORPHOLOGICAL CHARACTERS OF ONE SPECIES AND A VARIETY OF ORYZOPSIS 
OF SECTION ERIOCOMA AND OF TWO SPECIES OF STIPA 


S. pinetorum 


Narrow 
Lanceolate 


3 

3 
Narrow fusiform 
é 5 
Long lobed 


Narrow elliptic 

Equal 

All normal 
o-(4) 


Persistent 

Twice geniculate 
Scaberulous 
Glabrous 
Normal 
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The hairs of the lemma also are much 
longer than in either of those sections. 
These characters, however, are found in 
the genus Stipa, in which the majority of 
species have long, narrowly acuminate 
glumes and some species have pilose 
lemmas. 

The somatic chromosome number of 
O. hymenoides, as reported by STEBBINS 
and Love (16) and confirmed by JoHN- 
SON and ROGLER (10), is 48. The idio- 
gram (fig. 31) is in general similar to that 
for the other polyploid species of Orysop- 
sis, showing a range in chromosome 
length of 3-1.2u. On the basis of chromo- 
some number, O. hymenoides might be a 
polyploid from the line in the section 
Piptatherum, with x = 12 (or 6) chromo- 
somes. However, in length fully half the 
chromosomes of O. hymenoides exceed 
the longest chromosomes of either O. 
miliacea or O. holciformis. 

It was shown by JOHNSON and ROGLER 
(10) that O. caduca Beal is a sterile hy- 
brid between O. hymenoides and Stipa 
viridula Trin. Later, JOHNSON (11) 
pointed out that O. bloomeri (Boland.) 
Ricker is a parallel sterile hybrid be- 
tween O. hymenotdes and Stipa occiden- 
talis Thurb., and that a number of 
species of Stipa are involved in produc- 
ing such hybrids with O. hymenoides. 
The ease with which it hybridizes with 
various species of Stipa, taken together 
with evidence from morphological and 
cytological characters, brings out the 
possibility that O. hymenoides is an al- 
lopolyploid between the line in Oryzopsis 
with a basic number of x = 12 (or 6) 
chromosomes and the line in Stipa with 
a similar basic number. Another pos- 
sibility is that O. hymenoides may be 
derived from the x = 12 (or 6) line of 
Stipa alone without invelving any species 
of Piptatherum affinities. This species 
ranges (fig. 51) throughout the western 
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half of the United States, where the 
genus Stipa is best developed in North 
America. 

A form of O. hymenoides with con- 
tracted panicles but similar to the species 
as generally known in other respects has 
been collected at Dubois, Idaho. Arthur 
Cronquist 681 (UIS); 1940, Ray J. 
Davis (UIS). 

A previously undescribed variety of 
O. hymenoides (figs. 68-72; tables 9, 10) 
is represented by four collections from 
Colorado and Wyoming (fig. 52). 

Orysopsis hymenoides (Roem. and 
Schult.) Ricker var. contracta, var. nov., 
a forma typica differt panicula_ con- 
tracta, ramis et pedicellis erectis, pedicel- 
lis brevioribus spiculis (cum aristis), villis 
lemmatis dimidio brevioribus lemmate, 
arista 2.5-plo longiore quam lemmate. 

Culms erect, tufted, 2.5-5 dm. high; 
culm leaves 3, smooth, narrowly in- 
volute, the basal one about 20 cm. long, 
the upper one 4-10 cm. long; upper- 
most sheaths dilated; ligule 3-6 mm. 
long; panicle 6-20cm. long, narrowly 
contracted, the branches slender, erect in 
pairs, the ultimate pedicels erect, shorter 
than the awned spikelet; glumes about 
5-5-6 mm. long, puberulent to glabrous, 
narrow-ovate, 3—5-nerved, abruptly acu- 
minate; Jemma fusiform, turgid, about 
3mm. long, with lobes extending more 
than o.5 mm. beyond the joint of the 
awn, 3- (rarely 5-) nerved, dark brown at 
maturity, densely pubescent with hairs 
less than 1.5 mm. long; awn slightly 
bent, 7-8mm. long, scaberulous, de- 
ciduous; anthers bearded. 

Wyoming: Freezeout Hills, Carbon 
County, Elias Nelson 4850 (type) (UWy); 
Laramie, Albany County, Elias Nelson 
411 (UWy); Leucite Hills, Sweetwater 
County, Merrill and Wilcox 84 (UWy). 
Colorado: Laramie River, Elias Nelson 
467 (UWy). 
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The above cited herbarium speci- 
mens were used in compiling the data for 
O. hymenoides var. contracta in tables 9 
and 10. The data for O. hymenoides were 
taken from JOHNSON and ROGLER (10). 


V. SPECIES EXCLUDED FROM 
OryzopsIs 


1. Oryzopsis caduca Beal, Bot. Gaz. 
I5:111. 1890 = X Stiporyszopsis caduca 
(Beal) Johnson and Rogler (Oryzopsis 
hymenoides X Stipa viridula). Amer. 
Jour. Bot. 30:49-56. 1943. 

2. Oryzopsis bloomeri (Boland.) Ricker 
Ex Piper, Contrib. U.S. Natl. Herb. 
I1:109, 1906; based on Stipa bloomeri 
Boland., Proc. Calif. Acad. Sci. 4:168. 
1872, shown by Johnson (11) to be a 
hybrid between Orysopsis hymenoides 
and Stipa occidentalis. 

3- Oryzopsis webberi (Thurb.) Benth.; 
Vasey, Grasses U.S. 23. 1883, based on 
Eriocoma webbert Thurb., in S. Wats., 
Bot. Calif. 2:283, 1880. Sierra Valley, 
Calif., Boland. = Stipa webberi (Thurb.) 
comb. nov. 

In describing this species, THURBER 
(in Watson, 19) ‘“‘doubtfully referred”’ 
it to the genus Eriocoma, although Bo- 
lander, the collector, had sent it to him 
with a set of his species of Stipa “‘to 
which he supposed it to belong.” There 
can be little doubt that Bolander was 
correct. Its assignment to Eriocoma, 
which was known almost exclusively 
from the single species now known as 
Oryzopsis hymenoides, was apparently 
done on the basis of a single character. 
Stipa webberi (figs. 77-80; tables 9, 10) 
resembles O. hymenoides in the long hairs 
of the lemma and in the deciduousness 
of the awn, but in the majority of char- 
acters it differs from O. hymenoides and 
resembles Stipa pinetorum Jones (figs. 
73-76; tables 9, 10). It has a long, nar- 
row, non-indurate lemma with a slender 


callus and long, pointed lobes at the sum- 
mit. This lemma is quite different from 
that of O. hymenoides but very similar 
to that of S. pinetorum. The latter species 
also bears long hairs on the lemma. The 
glumes of S. webberi are narrow, as in 
S. pinetorum. The anthers are long and 
slender, of the Stipa type and without 
beards. The panicle in both species is nar- 
row with appressed branches and fre- 
quently has the basal portion included 
within the somewhat inflated uppermost 
sheath. This is totally unlike the typical 
panicle in O. hymenoides and in detail 
does not resemble the more narrow pani- 
cle of O. hymenoides var. contracta. The 
ligule in S. webberi is extremely short, less 
than o.5 mm. long (as in S. pinetorum), 
while in O. hymenoides it is about 5.0 mm. 
long. 

S. pinetorum and S. webberi (fig. 53) 
occupy the same geographic range, with 
the former occurring at high altitudes in 
open pine woods and the latter on the 
deserts and plains. 

In this study, S. webberi was found 
to have 2n = 32 chromosomes (fig. 23). 
Several counts of n = 16 were also ob- 
tained at diakinesis. This number is not 
easily explained on the basis of other 
counts in the genus Orysopsis, where the 
species seem to be either diploids or 
polyploids of the euploid type. In Stipa 
an aneuploid series is known to exist. 
In personal correspondence, STEBBINS 
has reported a count of 2n = 32 chromo- 
somes for S. pinetorum also. The idio- 
gram for S. webberi (fig. 32) showschromo- 
somes corresponding in length to those 
of the stipoid species and the polyploids 
of Oryzopsis. 

It is clear that the only character 
which would retain this species in the 
genus Orysopsis is the deciduousness of 
the awn. Its affinity is obviously with 
Stipa. 
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The following herbarium specimens 
were used in compiling the data for tables 
g and to: 

Stipa webberi.—Idaho: Owyhee Coun- 
ty, reproduced at Pullman, Washington, 
1942, Schwendiman (UM). 
Grand Junction, 


Colorado: 


1900, Stokes (UC). 





Fics. 73-80.—Floral and vegetative parts: Figs. 
fig. 75 


79, snithees set; fig. 80, throat of sheath. All X 1o. 
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73-76, Stipa pinetorum; fig. 73, spikelet; fig. 
, anther set; fig. 76, throat of sheath. Figs. 77-80, Stipa webberi; fig. 77 
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Nevada: Washoe County, Saarni 104 
(UC); Elko County, Holmgren 617 
(UWy) ; Esmeralda County, Duran 
3088 (UM). California: Lassen County, 
Keck and Clausen 3749 (UC). 
Stipa pinetorum.—California: 


County, Sharsmith 4206 (UM). 
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77, spikelet; fig. 78, lemma; fig. 
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Conclusions 


In the subtribe Stipeae the genera 
Oryzopsis and Stipa have apparently orig- 
inated from a common basic stock with 
x = 6 chromosomes. From this basic 
stock two diverging lines (fig. 81), each 
with x = 12 (or 6) chromosomes, seem 
to have given rise mainly to the genus 
Stipa on the one hand and mainly to the 
section Piptatherum of the genus Oryzop- 
sis on the other hand. The absence of a 
series of intergrading forms indicates 
that isolation of these two lines is at 
present fairly complete. However, the 
polyploid species O. hymenoides which 
constitutes the section Eriocoma has the 
same basic chromosome number and 
combines some of the more specialized 
characters from both lines. This suggests 
that isolation of these lines has been over- 
come by allopolyploidy in this case. 

An early change to a secondary basic 
number of x = 11 appears to have tenta- 
tively isolated a portion of the x = 12 
(or 6) line leading to Stipa. Some of the 
less specialized species in this new x = 11 
line constitute the major part of the 
section Euoryzopsis in the genus Oryzop- 
sis. On morphological characters these 
species intergrade completely with Stipa; 
but at present, on the basis of x = 11, 
only diploids are known for Oryzopsis and 
only polyploids for Stipa. While the 
x = 11 line is presumably isolated from 
the x = 12 (or 6) line in the section 
Piptatherum, recombination between 
them evidently has occurred through the 
formation of allopolyploids such as O. 
racemosa and O. asperifolia, which com- 
bine the chromosome numbers as well as 
some of the more specialized morpho- 
logical characters from both lines. Simi- 
lar recombination between the x = 11 
and the x = 12 (or 6) lines in Stipa has 
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probably given rise in part to the modi- 
fied polyploid series reported for that 
genus. 

In explaining the origin of the sec- 
ondary basic number of x = 11 in the 
genus Stipa, AVDULOV (2) suggests that 
the number 44 may have occurred after 
the loss of chromosomes in tetraploid 
forms with a basic number of x = 12. In 
the present study the counts of 2n = 22 
chromosomes for species of Oryzopsis 
which intergrade with Stipa indicate that 
the basic number of x = 11 might more 
probably have originated in a species 
with 2n = 24 chromosomes. However, a 
consideration of morphological char- 
acters together with chromosome num- 
bers presents a more likely explanation 
for the origin of the basic number, 
x = Il. 

As previously pointed out, in the sec- 
tion Euoryzopsis the four species O. pun- 
gens, O. canadensis, O. exiguea, and O. 
kingii form a coherent group possessing 
stipoid characters, with O. micrantha 
somewhat detached from these owing to 
its possession of some Piptatherum char- 
acters. Counts of 2n = 22 chromosomes 
occur in the more stipoid group as well 
as in O. micrantha. A change from 2n = 
24 to 2n = 22 in the x = 12 line leading 
to Stipa would not account for the Pzp- 
tatherum characters of O. micrantha, nor 
would such a change in the Piptatherum 
line account for the Stipa characters of 
the other four species. It has been sug- 
gested, however, that the primary basic 
number in Stipa is x = 6 rather than 
x = 12, and this may apply as well to 
Orysopsis. A single change from 2n = 12 
to 2n = 10in Stipa, with subsequent for- 
mation of allopolyploids, could account 
for both the origin of the basic number 
x = 11 and the combination of charac- 
ters exhibited by O. micrantha. 





ee ee ee 
' 


, Section Piptatherum 







Piptatherum 
proper 












C) 
Sterile 
hybrids 





Section 
Eriocoma 
n=2 









x=12 











Stipa Stipoid 
species of 


x=12, x=1l Oryzopsis 
Aneuploid series 
x°ll 





Seotion Euoryzopsis gl 


Euoryzopsis 





Piptatherum 
Ma [6s5s6p6p 
Stipa 
6p5s6pbp 
655555 a kd a 


_ Euoryzopsis 


les5s | _ 6p5s| 


% 
Stipa Piptatherum 


* Sy ” we 
“N ~~ ie F 
ra % a Po 
ans a 
“XN age os 


a 6s6p ar 











“ | Pa 
“ | a 


Sot 
ad 
[6565665] 


Eriocoma 


82 


Fics. 81, 82.—Fig. 81, diagr’m of natural groups in Oryzopsis showing probable interrelationships and 
general affinities to Stipa. Fig. 82, suggested pattern of differentiation of Stipa and Piptatherum genomes from 
common stock and their reduplication and recombination to give secondary basic and higher chromosome 
numbers associated with complexes of morphological characters in Oryzopsis and with generic characters of 
Stipa. 
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Assuming that the primary basic num- 
ber for both Stipa and Oryzopsis is x = 
6, the primitive genome may be desig- 
nated as 6, (fig. 82). By specialization in 
different directions, the Stipa genome 
6, and the Piptatherum genome 6, may 
have been derived from the primitive 
one. Doubling of the chromosomes in 
each to give 6,6, and 6,6, would ex- 
plain the counts of 2n = 24 cited for 
Stipa sibirica and for O. miliacea, 
O. virescens, and O. holciformis of the 
section Piptatherum. A single change in 
chromosome number in the 6, genome 
could have produced a 5, genome which 
may have had only a temporary existence 
or may have formed a third basic number 
in Stipa. The formation of one or more 
allopolyploids between the 6, and 5, 
genomes would account for the stipoid 
species O. pungens and O. kingii with 
2n = 22 chromosomes now classed in 
Oryzopsis. Allopolyploidy between the 
6, and 5, genomes would account for 
O. micrantha with 2n = 22 chromosomes 
and with a combination of Stipa and 
Piptatherum characters. Doubling of the 
chromosome number in 635; species of 
the x = 11 line could give rise to 6,6.555s 
polyploids, represented by 2n = 44 
counts in Stipa. The higher allopoly- 
ploids, O. racemosa and O. asperifolia, 
may have been formed by combination 
of a 6,5, or 6,5, genome with a 6,6, 
genome to give 6,5,6,6, or 6,5.6,6,. The 
origin of O. hymenoides may have been 
by the formation of a 6,6, combination, 
with subsequent doubling, or by direct 
formation of a 6,6,6,6, combination 
from the 6,6, and 6,6, lines. In the genus 
Stipa various combinations of 6,, 6,6s, 
6.5, and possibly 5, genomes may ac- 
count in part for its modified polyploid 
series. Certain counts in Stipa suggest 
that a third basic number of x = 5 may 
exist. For example, a simple backcross of 


a 6,5; genome to a 5, genome and sub- 
sequent doubling would explain the 
count of 2n = 32 found in S. webberi. 

It appears, therefore, that in the 
genus Oryzopsis the taxonomist has to 
contend not only with divergence of 
lines from a less specialized type but al- 
so with the convergence of these lines in 
allopolyploids which combine the char- 
acters of more highly specialized types. 
While all the hybrids between O. hy- 
menoides and Stipa examined have been 
found to be sterile, the opportunity is 
nevertheless present from year to year 
for such perennial plants to form addi- 
tional allopolyploids by doubling of their 
chromosome number and thus continue 
the process of reticulation between other- 
wise independent lines. 

Such divergence and later convergence 
in the phylogenetic lines of a portion of 
the subtribe Stipeae have resulted in a 
large coherent group of species rep- 
resented by the genus Stipa (fig. 81) 
and in a number of smaller peripheral 
groups which constitute the genus Ory- 
zopsis. The groups in the latter genus 
are small aggregates of species together 
with the polyploids formed between 
these aggregates. In addition, hybrids 
are formed between one of these groups 
and the genus Stipa. Thus, an attempt 
to reduce the genera so as to include on- 
ly species which are lineally related 
would still leave a few species which are 
intermediate between such genera and 
which do not among themselves con- 
stitute a homogeneous group. 

The question of where to draw the 
boundary between the genus Stipa and 
the group of stipoid species of Oryzopsis 
is one which is frequently met among 
less specialized members of related gen- 
era. As judged from the chromosome 
counts which have been made, the line 
as drawn at present places the diploid 
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species with 2n = 22 chromosomes in 
Oryzopsis and the polyploids in Stipa. 
On the basis of morphological charac- 
ters the separation is not clear, but to 
draw the line elsewhere would still not 
effect a distinct separation. 

With the removal of Stipa webberi and 
the hybrids previous!y known as Oryzop- 
sis caduca and O. bloomer: from the genus 
Oryzopsis, the latter is then left with a 
number of species whose interrelation- 
ships among themselves and whose affini- 
ties to Stipa can be interpreted. 


Summary 
1. The Old World species Orysopsis 
miliacea, O. virescens, O. paradoxa, O. 
coerulescens, and O. holciformis—which 
constitute most of the section: Pipta- 
therum—form a coherent group marked 
by specialization in characters which 





clearly distinguish them from the genus 
Stipa. On these characters O. virescens 
is most representative of the genus 
Oryzopsis, while O. holciformis shows the 
greatest specialization or departure from 
the generic characters of Oryzopsis and 
still greater divergence from the generic 
characters of Stipa. O. miliacea shows 
evidence of reduction from a specialized 
condition. O. holciformis and O. miliacea 
were found to have 2n = 24 chromo- 
somes. Their idiograms are similar and 
both differ notably from the idiograms 
of other species of Oryzopsis studied. 
Previous counts of 2n = 24 have been 
reported for O. miliacea and O. virescens. 
It is concluded that the basic number for 
the section Piptatherum is x = 12 (or 6). 
This has been previously suggested as 
the basic number for the genus Oryzopsis 
and as the primary basic number for the 
genus Stipa. 

2. The North American species O. 
micrantha, O. pungens, O. exigua, O. 
canadensis, and O. kingii—which con- 
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stitute most of the section Euoryzopsis— 
form a group marked by specialization 
in characters which merge with the genus 
Stipa. O. micrantha is somewhat de- 
tached from the other species by its re- 
semblance to the section Piptatherum on 
some characters, while the highly spe- 
cialized O. kingii departs farthest from 
the generic characters of Oryzopsis and 
intergrades completely with Stipa. Chro- 
mosome counts of 2n = 22 were obtained 
for O. micrantha, O. pungens, and O. 
kingii. Their idiograms are similar, and 
all have longer chromosomes than in the 
Old World species. It is concluded that 
the basic chromosome number for the 
section Euoryzopsis is x = 11. A second- 
ary basic number of x = 11 has been 
reported previously for Stipa. O. 

3. The North American species 
racemosa and QO. asperifolia combine 
morphological characters from the two 
lines in Oryzopsis with x = 12 (or 6) and 
x = 11 chromosomes. In size of plants 
and floral parts, they are larger than the 
species of either line. Both were found to 
have 2n = 46 chromosomes. The idio- 
grams show that in range of chromosome 
lengths O. racemosa includes most of the 
range for the x = 12 (or 6) line plus most 
of the range for the x = 11 line. It is 
concluded that they are allopolyploids 
between those two lines. O. racemosa is 
referred to the section Piptatherum. O. 
asperifolia is the type of the section 
Euoryzopsis. Another species, O. hender- 
soni, may represent another such allo- 
polyploid, as judged from morphological 
characters. It is referred to Euoryzopsis. 

4. The North American species O. 
hymenoides, which is the only one in the 
section Eriocoma, resembles the genus 
Stipa in some features and O. virescens 
of the section Piptatherum in other fea- 
tures. A count of 2n = 48 chromosomes 
has been previously reported for O. 
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hymenoides. Its idiogram shows a range 
in chromosome lengths which greatly 
exceeds that for the x = 12 (or 6) line in 
Oryzopsis. It may be an allopolyploid 
between that line and the line in Stipa 
with a similar basic number or possibly a 
polyploid from the Stipa line alone. It 
hybridizes naturally with a number of 
species of that genus to produce sterile 
hybrids. 

5. A variety of O. hymenoides with a 
contracted panicle is described. 

6. O. webberi is transferred to Stipa 
on the basis of its close similarity to S. 
pinetorum. Both species have 2n = 32 
chromosomes. 

7. O. bloomeri and O. caduca are ex- 
cluded from Oryzopsis on the basis of 
proof published elsewhere showing that 
they are sterile hybrids between O. 
hymenoides on the one hand and-S. oc- 
cidentalis and S. viridula, respectively, 
on the other hand. 

8. It is concluded that the section 
Piptatherum and the genus Stipa in part 
represent divergent lines of specializa- 
tion on a common primary basic number 
of x = 6 chromosomes and that these 
lines may have reticulated to form the 
polyploid section Eriocoma. The section 
Euory-opsis represents mainly the dip- 
loid species of a line that has tentatively 


become isolated from the x = 12 (or 6) 
lines by a change to a secondary basic 
number of x = 11. The latter line in turn 
has reticulated with the Piptatherum 
line to form allopolyploid species of 
Oryzopsis and with the Stipa line to con- 
tribute to the modified polyploid series 
reported for that genus. 

g. It is suggested that the secondary 
basic number of x = 11 probably origi- 
nated through a change from 2n = 12 
to 2n = 10 within the Stipa line, with 
subsequent allopolyploidy between 2n = 
10 individuals and the original 2n = 12 
lines in both Stipa and Piptatherum. 


The writer is indebted to Dr. C. QO. 
ROSENDAHL and Dr. C. R. BURNHAM of 
the University of Minnesota for advice in 
the course of this investigation, and to 
Dr. F. K. Butrers and Dr. E. C. ABBE, 
also of the University of Minnesota, 
for help and criticism. Appreciation is 
expressed to the curators of the herbaria 
from which loans were made, and to 
Mr. GeEorGE A. ROGLER and a number 
of other persons acting privately or 
through the various services of the Unit- 
ed States Department of Agriculture in 
providing cytological material. 
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INHERITANCE OF THE MAIN ANTHOCYANIN PIGMENTATION 
AND OF SOME OF ITS PATTERNS IN FLOWERS 
OF NEMESIA STRUMOSA' 


HERBERT PARKES RILEY 


The writer has shown that a number 
of genes are involved in the determina- 
tion of flower color in Nemesia strumosa 
Benth., a South African member of the 
Scrophulariaceae (23, 24, 25). The white- 
flowered type can be regarded as the 
standard. It has a two-lipped corolla 
whose limb is white (or perhaps ivory, 
comparable with LAwRENCE’s [14] ivory- 
colored dahlia). The lower part of the 
short tube is orange and frequently con- 
tains deep purple spots which vary great- 
ly in number and size and which fre- 
quently are so dark-hued as to appear 
black. These purple spots may not be 
present, but, if they are, they are ac- 
companied by a deep purple spot on the 
upper lip just above the stamens. 

One of the main variants is the orange 
type, which differs from the white-flow- 
ered form by the presence of a deep or- 
ange-yellow sap pigment in the epider- 
mal cells of the inner part of the corolla 

1 This paper is one of a series on the genetics of 
the genus Nemesia. Some of the data were collected 
at Princeton University and as a National Research 
Council fellow in the Biological Sciences at the Bus- 
sey Institution of Harvard University. Later fami- 
lies were grown at the University of Washington 
(Seattle) and at the University of Kentucky. 


limb. Orange is a simple dominant to 
white and is determined by gene O. The 
orange type can be modified by other 
genes, of which two have been analyzed. 
The recessive gene for pale-upper, #, 
causes the upper lip of orange-colored 
flowers to be considerably lighter in hue, 
while the lower lip is unaffected. The 
recessive gene for buff, bu, modifies the 
lower lip to Buff Yellow? and the upper 
lip to Sulphur Yellow with areas of Buff 
Yellow. Gene bu is linked with the self- 
sterility alleles, with about 5% crossing 
over, and is epistatic to gene p. 

Three recessive genes are responsible 
for the presence of yellow pigmentation 
in oo plants. Gene gi (glass-green) pro- 
duces a color in the limb which is usually 
close to Sea-foam Yellow or Pale Glass- 
Green, but gigi are sometimes so pale as 
to be difficult to distinguish from white. 
A deeper yellow color is produced by the 
recessive gene, y (yellow). Yellow plants 
are not so deep as orange and may vary 
from slightly darker than glass-green at 
the one extreme to almost buff at the 


2 Throughout this paper, the names of colors 
which are capitalized are those listed as such in 
Ripcway (21). 
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other. Because of this variation, and be- 
cause of the resemblance to buff, it has 
presented some difficulty. The yellow- 
spot gene (ys) produces a number of 
dots or streaks radiating from a small 
yellow area on the lower lip, near the 
throat. 

As in the case of many other plants, 
one of the common flower-color types in 
N. strumosa is the “‘colored” type that 
contains anthocyanin pigment in the 
cells of the corolla and which appears as 
some shade of red or purple. That this 
type is due to a single dominant gene, 
C, has been previously mentioned (23). 

Anthocyanin pigmentation was one of 
the first characters studied in genetics, 
being one of the characters in MENDEL’S 
(18) original experiments. Experiment 3 
of his paper deals with the color of the 
seed coat, flowers, and stems of the pea. 
In plants with the dominant gene, the 
seed coats are gray, gray-brown, or 
leather-brown, and opaque; the stand- 
ards of the flowers are violet and the 
wings are purple; while the stems in the 
axils of the leaves are of a reddish tint. 
In the homozygous recessive, the seed 
coats are transparent, the flowers are 
white, and there is no red color in the 
stems. In some experiments with plants 
other than the pea, MENDEL crossed the 
white-flowered Phaseolus nanus with the 
purple-red-flowered Ph. multiflorus. The 
first species also had white seeds, while 
the latter had red seeds with black flecks 
and splashes. This color difference was 
not the result of a single gene, and MEN- 
DEL considered that the result ‘“‘might 
probably be explained by the law govern- 
ing Pisum if we might assume that the 
colour of the flowers and seeds of Ph. 
multiflorus is a combination of two or 
more entirely independent colours, which 
individually act like any other constant 
character in the plant.’’ Anthocyanin 





RILEY—NEMESIA 33 


pigmentation was also reported in a 
number of other plants in 1900 and 1gor. 
For example, the dominance of colored 
to noncolored was demonstrated in A gro- 
stemma, Atropa, Belladonna, Clarkia 
pulchella, Hyoscyamus hybrids, Lychnis, 
Papaver somniferum, Polemonium coeru- 
leum, Trifolium pratense, and Veronica 
longifolia by DE VRIES (36); in Anemone 
hybrids by HILDEBRAND (9); in Epilo- 
bium angustifolium and in Matthiola hy- 
brids by CorRENS (5, 6); and in beans by 
VON TSCHERMAK (34). HILDEBRAND (9), 
however, found that a cross between a 
light blue Anemone angulosa and a dark 
blue A. hepatica produced an interme- 
diate color in the F,, while DE VRIES (36) 
found that in Coreopsis tinctoria yellow 
was dominant to brown and postulated 
that the yellow-flowered type possessed 
a gene that inhibits anthocyanin pro- 
duction. 

It has been found frequently that the 
formation of anthocyanin pigment de- 
pends upon the simultaneous presence 
of more than one gene, and that these 
act as complementary genes. Such a 
situation has been demonstrated in a 
number of plants, including A ntirrhinum 
majus (3, 4), Campanula medium (13), 
Cattleya, Cypripedium, and Dendrobium 
(10), Dolichos lablab (8), Ipomoea pur- 
purea (1), Lathyrus odoratus (2), Linum 
usitatissimum (33), Lychnis (32), Mat- 
thiola incana (35, 28), Mirabilis jalapa 
(17), Pharbitis nil (11), Phaseolus vul- 
garis (31), Phlox drummondii (12), and 
Solanum tuberosum (26). In a number of 
instances, the two complementary genes 
have been designated C and R. Comple- 
mentary genes for anthocyanin pigment 
have been found in so many different 
plants that SANSOME and PHILP (27) 
conclude, “It is, however, significant 
that the CR type of inheritance of colour 
is widespread among plants and is prob- 
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ably connected with anthocyanin pig- 
ments in almost every case.” 

In some plants the situations may be 
somewhat different, as in LAWRENCE’S 
(14) study of Dahlia variabilis, where 
gene A produces a relatively pale color 
while B produces a deeper color; both 
genes appear to be cumulative in their 
action. 

In many plants both anthocyanin and 
yellow sap pigments may be present. In 
some of these cases it has been demon- 
strated that the anthocyanin color is red 
if a yellow pigment is present but ma- 
genta if the background is ivory rather 
than yellow. In the snapdragon, for ex- 
ample, gene Y produces yellow color ow- 
ing to the presence of a glucoside of luteo- 
lin in the corolla lips, while gene J pro- 
duces an ivory color owing to a glucoside 
of apigenin. In yellow-flowered plants, 
both glucosides are present. Apparently 
gene J acts only in the presence of Y, for 
yyI- and yyii are white and have no 
flavone pigment (37, 38, 39, 19, 20, 29). 
When anthocyanin pigment is present in 
Y-ii (yellow) plants, its color is crimson, 
but if it is present in Y-J- (ivory) plants, 
it is magenta. On the other hand, in In- 
dian cotton, LEAKE (15) failed to dis- 
tinguish between anthocyanin plus yel- 
low and anthocyanin plus white. He 
found that the flowers of Y-RR plants 
were red, those of Y-Rr were red on yel- 
low, while those of yyRR and yyRr were 
red on white. 

LAWRENCE’S (14) observations on 
Dahlia variabilis are interesting, as the 
background may be yellow, cream, ivory, 
or white, because two genes for antho- 
cyanin are present, because each appears 
to act cumulatively, and because each is 
tetrasomic since the species is an octo- 
ploid. The background is determined 
principally by genes Y and J. Gene Y 
produces yellow pigment and is complete- 
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ly epistatic to J, so that all YJ and Yi 
combinations are yellow; gene Y is tetra- 
somic. Gene J, which is disomic, produces 
an ivory flower in the absence of Y. All 
yi plants are white. In addition, genes 
which inhibit the Y gene may be present 
and produce a cream type. The B gene 
produces a deeper anthocyanin pigment 
than does A, but both genes tend to be 
on the magenta side with ivory and on 
the orange-scarlet side with yellow. Thus, 
A in the simplex condition is pale ma- 
genta with ivory and apricot with yellow, 
while B simplex is, respectively, purple 
and scarlet. Additional A and B genes 
(or both) deepen the color, but in all 
cases the colors remain within the ranges. 
Unanalyzed, modifying genes also vary 
the shade and may also affect the intensi- 
ty of the color. For example, in some 
families the magenta class (A by) is “easy 
to score and very distinct’; but when 
the Union Jack variety is one of the par- 
ents, there is a considerable deficiency of 
magentas but an excess of the deeper 
rosy-purple. Similarly, in apricot flowers, 
if there is a mutation of the Y gene to y 
so as to produce ivory sectorial chimae- 
ras, the magenta color of the sector is 
considerably deeper than the apricot re- 
gions next to it, suggesting that modify- 
ing genes have a different effect on Al 
from that produced on AY regions. An- 
other factor that influences the color of 
anthocyanin types is the intensity of the 
yellow background color. If it is a good 
yellow, certain genotypes may appear 
scarlet as expected; if, however, yellow- 
inhibiting genes are present and the 
background is cream, the same geno- 
types (exclusive of the inhibitor) may 
appear purple and resemble a plant with 
the same A and B gene combination but 
with an ivory background. Since certain 
anthocyanin-gene combinations may 
give the same result with YJ and with 
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Yi plus a Y inhibitor, the scoring of the 
background in “colored” plants is often 
subject to considerable error. 


Observations 


The materials used for this study were 
the same as those described previously 
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ground is white (00). Owing probably to 
the presence of numerous modifying 
genes, there is some overlapping of phe- 
notypes, and an attempt to determine 
the background by examining the color 
of flowers with anthocyanin pigmenta- 
tion is subject to considerable error. 





Fics. 1-3.—Diagrams of flowers of Nemesia strumosa. Each flower is cut along both sides of tube and then 
flattened out (causing some distortion of the tube but little of the lips). Fig. 1, self-colored purple or red 
type; C Sp Gr Ro. Fig. 2, splotched; C sp Gr Ro. Fig. 3, red-outline; C Sp Gr ro. In each flower, blackened 
areas show distribution of anthocyanin (red or purple) pigmentation, except that black areas and dots in 
rear of lower part of tube and black “eyebrow” over stamens represent very deep purple pigmentation caused 
by another gene. For comparison with standard type, see 25. 


(25). In fact, many of the families re- 
ported in that paper were the same as 
those involved in this study. 


CoLorep (C) 

The white-flowered type which has 
been taken as the standard in this work 
has been described previously. In the 
colored type tHe inner part of the corolla 
limb is a shade of purple or red instead of 
white, but otherwise the white and col- 
ored types are similar with respect to the 
inner part of the corolla (fig. 1). As in 
some other plants, the tendency is to- 
ward the red shades if the background is 
orange owing to the dominant gene O, 
but magenta or purplish if the back- 


Probably the most frequent colors of the 
anthocyanin in combination with white 
are Pomegranate Purple or Amaranth 
Purple, while the most frequent antho- 
cyanin-orange types are Carmine or Ox- 
blood Red. However, other colors fre- 
quently found on a white background 
are Tyrian Rose and Rose Color and on 
an orange background are Bordeaux and 
Garnet Brown. 

In Pomegranate Purple plants, the 
cells of the inner epidermis of the limb of 
the corolla contain a purplish red pig- 
ment in solution in the cell sap. When 
ammonia is added, most of the cells turn 
olive brown, and many turn olive green, 
while a few become bright green. When 
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hydrochloric acid is added, the colored 
cells turn bright red. Further chemical 
tests have not been made, but it is prob- 
able that this pigment is the same as or 
is closely related to the cyanidin 3-bio- 
side reported for pink and crimson Neme- 
sia hybrids by Scott-MoNCRIEFF (30). 
In the throat most of the cells are orange, 
but there are numerous areas of cells 
which contain a very deep purple pig- 
ment, and an occasional “colored’’ cell 
is bright red instead of deep purple. The 
throat is similar to that in white-flowered 
plants, and the deep purple areas are 
probably the result of another gene, 
which will be reported in a subsequent 
paper. In the area where the lip connects 
with the tube, in ‘‘colored”’ plants on a 
white background most of the cells are 
purple, owing to the anthocyanin gene, 
but some are orange; in the tube just 
back of this region there are both purple 
and orange cells, with the latter becom- 
ing more frequent the farther they are 
from the lip. These purple cells are not 
to be confused with the deep purple, al- 
most black, cells of the “black” spots of 
the tube. In the throat region all the 
long hairs are yellow, even in purple 
(‘‘colored’’as distinguished from “‘black”’) 
areas. 

When a purple-flowered plant is placed 
in ammonia, dark green spots soon ap- 
pear in the purple regions, and the white 
(or ivory) regions at the sides of the 
throat turn yellow. When the epidermis 
is stripped off, the white regions beneath 
turn yellow. The lips continue to turn 
green and finally become very dark. In 
sulphur dioxide the lips fade to Rose 
Color but do not seem to fade out entire- 
ly. In hydrochloric-acid vapor, the lips 
turn close to Nopal Red. 

That colored is domipant to noncol 
ored is observed from a number of crosses 
in both the old and new material. In two 
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families, crosses between two colored 
plants yielded 140 colored and no non- 
colored. In twenty-two families from 
crosses between two noncolored, there 
were no colored plants and 1146 noncol- 
ored. Crosses between a noncolored and 
a colored that must have been homozy- 
gous were made in three cases and pro- 
duced 190 colored and no noncolored 
offspring. Eight families resulted from a 
cross between two heterozygotes. The 
total was 403 colored and 172 noncol- 
ored, and the results in the individual 
families have been listed in table 1. When 
these eight families are totaled, the ratio 
of the deviation to the standard error is 
2.72, which indicates a probability of 
occurrence of only about 0.69%, al- 
though in no individual family is the de- 
viation significant. In each of the eight 
families there is a deficiency of colored 


, plants which is not large enough to be 


significant in any one family but which 
is significant when the eight families are 
combined. The reason for this slight de- 
ficiency of colored plants cannot readily 
be explained. Whenever disturbed ratios 
occur in plants which are self-sterile, 
linkage with the self-sterility alleles must 
be considered as a possible explanation. 
While such an explanation will fit cer- 
tain of the families in table 1 it will not 
fit others, and if all the families in tables 
1 and 2 are diagrammed, it becomes ap- 
parent that linkage with the s genes is 
not the explanation. For example, family 
3209 arose from the crogs 3112(11) X 
3211(4); it has been shown (22) that the 
self-sterility alleles of the parents are 
s*s4 and s's?. The female parent was 
white, so that, if there were linkage, its 
genetic constitution would be s?c/s‘c. 
Plant 3209(3) was purple and s's?, so it 
could only be s'C/s’c, since its s? gamete 
must have come from the noncolored 
female parent. When this is crossed as a 
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male on to 3211(4), a Ce plant with the 
constitution s’s%, there is a decided defi- 
ciency of colored plants in the offspring 
(family 3374). On the basis of linkage be- 
tween c and s, however, an excess of col- 
oreds would be expected, because the s? 


) 
of 


served ratio of 26:29 shows no signifi- 
cant deficiency. Other similar examples 
might be cited to show that the consist- 
ent slight deficiency of C plants in the 
eight F, families is not due to linkage of 
C with the self-sterility alleles. 


TABLE 1 


RATIO OF COLORED TO NONCOLORED IN EIGHT FAMILIES, 


FAMILY PARENTS “cu oom 

Cc 

3004........| 2901(7) X (13) 70 
3012. 2901(13) X (10) 61 
3211. -| 3ur1(4) X (5) 31 
CCL ee 3111(5) X (4) 17 
3226 3103(5) X (3) 44 
3366. ... 3206(2) XX (1) 52 
Dn eee 3209(3) XX 3226(7) 60 
3374- - 3111(4) X 3209(3) 71 
Total... er i aatats ciche 406 


OF WHICH BOTH PARENTS WERE HETEROZYGOUS FOR C 


EXPECTED 


oe se se ee Dev 
S.I 
¢ ¢c € 
| 25 71.25 | 23.75 0. 30 
31 69 .O | 23.0 1.93 
16 35.25 | II.75 1.43 
7 18.0 | 6.0 0.47 
22 49.5 10.5 1.56 
20 54.0 18.0 0.56 
21 60.75 20.25 0.19 
30 75-75 25.25 1.09 
172 433-50 144.50 2.04 


TABLE 2 
RATIO OF COLORED TO NONCOLORED IN EIGHT TESTCROSS FAMILIES IN WHICH FEMALE 
IS RECESSIVE AND MALE HETEROZYGOUS. IN THE FIRST THREE FAMILIES, 


BACKGROUND IS ORANGE; IN 


THE OTHER FIVE IT IS WHITE 





. SELF-STERILITY |__ 

FAMILY PARENTS 

ALLELES 

3103... ..| 3001(6) X (22) S*sY XK syst 
3225 . |} 3103(1) X (5) S¥s* X s*s* 
3301 | 3103(52) X (4) | S*s* X s¥s* 
3206 ...| 3112(10) XK 3111(4) | s?s3 X ss? 
3209... 3112(11) KX 3111(4) s*s4 X s's? 
Ge ae 3111(3) X (4) sts3 XK sts? 
3307 : 3209(1) X (3) sts* X ss* 
3400 ; 3206(6) X (1) sts? X S'S? 

Total 


gamete would be eliminated from the 
male parent, and this is coupled with the 
c gene. Likewise, family 3367 arose from 
the cross 3209(1) X 3209(3) and should 
show a significant deficiency of C plants 
when compared with a 1:1 ratio. The ob- 





OBSERVED EXPECTED 
| oe Eee ae ae ee _ Dev. 
S.E 
Cc r gc 
ea ols aaa 
| ? | P ey 
, 2 44 39-5 39-5 1.01 
| 14 10 15.0 15.0 0.30 
} 15 7 11.0 11.0 1.70 
6 3 4.5 4.5 I .00 
5 7 | 60 6.0 0.58 
28 12 | 20.0 20.0 2.50 
26 29 | 27.5 27-5 ©.40 
16 6» |. FR 11.0 2:13 
145 124 134.5 134.5 1.28 


In thirty-two testcross families the 
combined ratio was 687 colored: 648 non- 
colored, and only two families deviated 
significantly from expectation. In eight 
of the families the male was heterozy- 
gous and there was a common self-sterili- 
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ty allele, and six agreed well (table 2) 
with expectation on the basis of no link- 
age. Four showed a deficiency of C and 
four of c plants. 

The dominant gene for the main an- 
thocyanin pigmentation will be desig- 
nated C. This pigmentation has been re- 
ferred to as the main anthocyanin pig- 
mentation, because several other cases of 
anthocyanin pigmentation due apparent- 
ly to entirely different genes have been 
found and will be reported in a subse- 
quent paper. 

It has been shown that, in a number 
of plants, anthocyanin flower color is the 
result of two complementary genes, 
usually designated C and R. Either this 
is not the case in NV. strumosa or the origi- 
nal plants were all homozygous for one 
of the dominant color genes. At any rate, 
there is no evidence for complementary 
genes, for no families from two colored 
plants segregated into ratios that ap- 
proached 9:7, and there were no cases 
where two noncolored plants produced 
colored when crossed. 

It has been stated that it is difficult in 
some families to determine from the color 
of the anthocyanin pigment whether the 
background is orange or white. In a few 
families which perhaps lack certain modi- 
fying genes this distinction can be made 
easily. For example, in family 3010, from 
the cross CcOo X CCOo, there are 73 red 
:28 purple. The red plants are Ox-blood 
Red, Burnt Lake, Bordeaux, Scarlet Red, 
and Coral Pink, and the purple plants 
are Rose Color. This family is one of the 
few easy ones to score. The interaction 
of the anthocyanin pigmentation with 
such types as buff, pale-upper, yellow, 
glass-green, or yellow-spot has not been 
tested. 

There is no evidence for linkage be- 
tween the C and O genes and two families 
appear to indicate that these genes are 


[SEPTEMBER 


not linked. Family 3004 came from the 
cross CcOo X Ccoo and would be ex- 
pected to segregate into a ratio of 6 col- 
ored : 1 orange : 1 white if there is no 
linkage. The observed ratio is 70 : 10: 
15, which does not deviate significantly 
from the expected. The parents of family 
3006 were ccoo and CcOo. This should 
segregate into 2 colored : 1 orange: 1 
white, and the observed ratio of 54 : 22: 
19 agrees with the assumption of no 
linkage. 

It has not been possible in C plants 
with an orange background to determine 
whether they are also Bu or bu. There- 
fore, to determine whether there is any 
linkage between C and bu, the ratio of 
Bu to bu in noncolored plants must be 
examined; it must not be 3:1 or 1: 1. 
For example, in the testcross CcBubu X 
ccbubu, a ratio of 2 colored : 1 orange : 1 
buff is to be expected if there is no link- 
age, while the ratio will be 1 colored : 1 
buff if linkage is complete and is in the 
coupling phase. If there is some crossing 
over, half the offspring will be colored 
and of the remainder there will be some 
orange (nonbuff), but the percentage of 
orange among the noncolored will not 
equal 50%. Similarly, if the original 
cross is in the repulsion phase, the ratio 
will be 1 colored : 1 orange (nonbuff) if 
linkage is complete; if there is some cross- 
ing over, some buff plants will be present, 
but they will not equal 50% of the non- 
colored. If bu and C are completely 
linked and if one parent is homozygous 
for both bu and c while the other is het- 
erozygous for both and has the two domi- 
nant genes on one chromosome and the 
two recessives on the other, the noncol- 
ored offspring will all be buff. The same 
result will be obtained if bu is not linked 
with C, but if it is completely linked with 
the self-sterility alleles and if the female 
parent is homozygous for both bu and c 
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while the male is heterozygous for both 
and the Bu gene in the male is on the 
same chromosome as the common self- 
sterility allele. Thus the cross chu/chu X 
CBu/cbu will give the same ratio of Bu 
to bu in cc plants as will the cross cc s*bu/ 
sbu X Ce s'Bu/ssbu. Similarly, the cross 
chu/chu X Cbu/cBu will yield the same 
results as the cross cc stbu/s?bu XK Cc 
s'bu/s’Bu. In such cases it is impossible 
to determine from the Bu: bu ratio alone 
whether bz is linked with C or with s. On 
the other hand, in the reciprocal crosses 
there is no evidence of linkage if bu is 
linked with s, but the ratios will be the 
same if bu and C are linked no matter in 
which direction the cross is made. Al- 
though several families indicate nothing 
more than that bu is linked with either 
C or s, several others indicate that the 
linkage is with the self-sterility alleles— 
as has been suggested previously (24, 
25). In family 3362 the ratio is disturbed, 
although there is no C gene in either par- 
ent, so that it could not be due to linkage 
with C. Family 3004 came from the cross 
CcBubuOo X Ccbubuoo and segregated 
into 70 colored : 6 orange (nonbuff) : 4 
(orange) buff : 15 white. The ratio of 1 
nonbuff : 1 buff is expected if bw is 
linked with s, since the male is recessive, 
but it would not be expected if bu were 
linked with C. There is, therefore, no 
evidence that C is linked with bu. 

Since genes P and f cannot be differ- 
entiated in C plants, any linkage between 
p and C must be determined from the 
P:p ratio in the cO plants of families 
which are segregating for C. If p and C 
are linked, the ratio of P to p should not 
be 1:1 or 3:1 in backcross or F, families 
in which some of the plants are C. In 
table 1 of a previous paper (25), eight 
families segregating for p are listed. All 
but family 3362 are also segregating for 
C. Of the seven families which segregate 
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for C, only one deviates significantly 
from a 1:1 or 3:1 ratio, and this is a 
family with only ten cc plants. The evi- 
dence from these families seems to indi- 
cate clearly that p is not linked with C. 

Just as possible linkage between C and 
bu or p must be tested from the Bu : bu 
and P : p ratios in c plants, any linkage 
between C and genes y, g/, or ys must be 
determined solely from the ratios of these 
yellow genes and their dominant alleles 
in the ¢ plants of families segregating for 
C. There is only one family that offers 
any evidence in regard to possible link- 
age between C and y. Family 3012 arose 
from a cross between two Cc!’ y plants. 
As the ratio of white : yellow does not 
deviate significantly (x? = 0.52; df = 1; 
P = 30-50%), there is no reason to as- 
sume that these genes are linked. Six 
families have at least one parent heter- 
ozygous for both C and gi and might 
therefore be used to test possible linkage 
between these genes. Five families (table 
3) agree with the assumption of no link- 
age, and the sixth does not deviate too 
badly, although significantly. Three fam- 
ilies suggest no linkage between C and 
ys, while the fourth (table 3) deviates 
significantly. In view of the difficulty of 
scoring g/l and ys, however, it cannot be 
said that there is any evidence for link- 
age between C and either of these genes. 


SPLOTCHED (SP) AND GRANULAR (GR) 


Splotched and granular are both modi- 
fications of colored and act only on C 
plants. In the earlier material they were 
found only in the line of plants which had 
an orange background, except that they 
were possibly present in families 3005 
and 3013, two of the F, families that 
were not used to produce further genera- 
tions. They have not been tested in the 
new material. Families 3005 and 3013 
were very complicated, segregating for a 
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large number of genes, and it is possible 
that some phenotypes that resembled 
those produced by the splotched and 
granular genes were actually the result 
of other genes. The patterns in these 
families were very difficult to score. 

In general, it is not an easy matter to 
score and to analyze the patterns which 
appear on C plants. The splotched and 
granular types are fairly clear, but some 
of the others have been impossible to 
study. This is especially true when sev- 
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tributed than it is in splotched plants. 
There are, however, numerous small 
white dots that appear over the entire 
colored area. 

Splotched is apparently recessive to 
self color, but the data in support of this 
are not numerous. Family 3009 arose 
from a nonsplotched colored and a non- 
colored which presumably was _heter- 
ozygous for splotched. It segregated 
into 8 colored nonsplotched : 2 colored 
splotched : 9 noncolored. Family 3004 


TABLE 3 


RATIOS OF NONGLASS-GREEN: GLASS-GREEN AND NONYELLOW-SPOT : YELLOW-SPOT IN 
FAMILIES ALSO SEGREGATING FOR C. IN FIRST SIX FAMILIES, RATIO OF DEVIATION TO 


STANDARD ERROR REPRESENTS Gi: gl; IN THE LAST FOUR IT STANDS FOR Ys: ys 





Dev. 

Family Genotypes of parents Colored Orange White ane er | = 
green spot | (if no 
| linkage) 

3004...... Ce Glgl X Cc Gigl 70 10 13 S while | 1.04 
3006 cc glgl X Cc Gigl 53 22 10 RS Re 0.23 
<i eee Cc Glgl X cc Glgl RG. 90s end fe) ed Sree 0.31 
3215 Ce Glgl X ce Glgl BB, daveameds 17 Sire Wis wavesnietts 0.25 
3374... CcoGlgl X CoGigh | 71 |........ 26 a ere: 1.48 
CL ae Cc Glgl X cc Glgl ns 26 e Te bogie 2.18 
2200... cc Ysys X Cc Ysys 5 ad eas 6 I 0.66 
ae Ce Ysys X Ce Ysys MA? ofl Sie ciated fae Tews es 3 0.58 
i ee Ce Ysys X cc Ysys 12 ee eT eee eee 2 | ¥.26 
 : ae Cc Ysys X ce Ysys 9 eRe eee 7 | 3.65 


eral pattern genes are present in the 
same plant. In the splotched type, the 
anthocyanin pigmentation is not spread 
evenly over the entire limb of the corolla 
but is dispersed in a number of lines and 
splotches, much as in figure 2. As might 
be expected with a pattern of this sort, 
there is considerable variation in its de- 
tails in different plants, and even in dif- 
ferent flowers on the same plant. While 
this is true, the splotched type can usual- 
ly be recognized rather readily, provided 
that too many modifying genes are not 
present. The granular type is more like 
the normal colored type, in that the color 
is much more evenly and regularly dis- 


arose from a cross between a colored non- 
splotched plant which had a red outline 
and a colored nonsplotched. It segregated 
into 20 colored orange nonsplotched : 2 
colored orange splotched : 48 colored 
nonorange : 10 orange : 15 white. The 
smaller number of splotched in both 
families is a good indication of the re- 
cessive nature of the gene, a supposition 
which is corroborated by families 3001 
and 3103 (table 4). The symbol for the 
splotched gene shall be sp. Since Sp and 
sp cannot be distinguished in c plants, 
the ¢ gene is epistatic to the splotched 
gene. Family 3004 indicates that in C 
plants o is also epistatic to Sp and sp. 
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This, however, needs further corrobora- 
tion. 

Granular also appears to be recessive 
to self color. Family 3226 arose frcm two 
colored, nongranular plants which were 
apparently heterozygous for both C and 
the granular gene. This family segre- 
gated into 31 colored nongranular : 13 
colored granular: 22 noncolored. In 
family 3001, of which the parents were 
a noncolored female apparently heter- 
ozygous for granular and splotched and 
a male heterozygous for colored, granu- 
lar, and splotched, there were 8 self-col- 
ored, 1 splotched, and 2 granular. Family 
3013 segregated into 6 colored orange : 8 
splotched : 3 granular : 23 colored on a 
white background. The fact that granu- 
lar plants form such a small percentage 
of the individuals in these three families 
suggests that the granular type is the re- 
sult of a recessive gene. One family 
(3223) gives a peculiar ratio that ap- 
pears to contradict this (table 4) and 
must remain unexplained. Six testcross 
families totaled 49 colored nongranular 
and 52 colored granular (table 4). Granu- 
lar appears to be a simple recessive to 
nongranular and will be designated by 
the symbol gr. 

When two recessives such as sp and gr 
both affect the same part of the plant, 
the question should be raised whether 
sp gr plants constitute a different pheno- 
type from Sp gr or sp Gr or whether they 
are indistinguishable from one of these 
types. Four families throw light on this 
question, but a discussion of two of them 
will be postponed until the question of 
linkage of these genes with C is discussed. 
Famliy 3013 arose from the cross Ce 00 
Spsp Grgr X CC OO spsp Grgr and segre- 
gated into 6 COSpGr: 8 COspGr : 3 
COSpgr : 23 Co. If sp is epistatic, the 
expected frequencies of the first three 
terms of the ratio (excluding the Co 
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TABLE 


Genotypes of parents 


ELEVEN FAMILIES SEGREGATING FOR SPLOTCHED, GRANULAR, OR BOTH 


Spsp Grgr 


FREQUENCIES OF COLORED (NONSPLOTCHED, NONGRANULAR), SPLOTCHED, GRANULAR, ORANGE, 
Parents 


Family | 
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Bu 
s*bu/s¥Bu 


Grer s*bu/s*bu 


Spsp grer s*Bu/s’Bu 


spsp Grgr 
> Spsp Grer s¥Bu/s*bu Pp 


Ce Spsp Grer s¥Bu/s*bu 


> Spsp Grer 


Ce 
Cé 
Ce 


. CC 


SBu/s*Bu Pp X ce 
t 


x 
x 
x 
x 
x cc 


Spsp grger sxbu/s\Bu pp > 


SpSp grer sxbu/syBu 


Spsp Grgr 


Pp X Ce SpSp grer s¥Bu/s*bu 


pp X Cc spsp Grer s*Bu/s*bu 
u Pp X Ce SpSp Grer s¥Bu/s*Bu 


t 
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shu Pp X cc 


Bu 


Grgr 


Spsp grer. 
SpSp Grgr 
SpSp 

Cc spsp Grgr 
SpSp grer 
Spsp Grer 


ce 
Ce 
Ce 
Ce 
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types) are 6.4, 8.5, and 2.1, while the ex- 
pected frequencies if gr is epistatic are 
6.4, 6.4, and 4.2. In the first case, chi- 
square is 0.45, which—with three de- 
grees of freedom—indicates a probability 
of 70-80%, while in the latter, chi-square 
is 0.77 and P is 50-70% (table 5). In 
family 3103, the cross is cc Spsp grgr X 
Cc spsp Grgr and the observed ratio was 
6 colored : 14 splotched : 1o granular : 
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was merely the expression of the pale- 
upper gene on a C background, since the 
first family is segregating into 1 Gr : 1 gr 
and 1 P : 1 p, while the second is segre- 
gating into a 3:1 ratio in each case. How- 
ever, a study of 3105 and 3106 (table 4) 
shows a segregation into 1 Gr : 1 gr, but 
no p plants. This would tend to show 
that gr and p are not the same genes. 
Similarly, in these two families there is a 


TABLE 5 


SEGREGATION INTO COLORED (C), SPLOTCHED (sf), 


AND GRANULAR (gr) ON ORANGE BACKGROUND, 


AND PROBABILITY ACCORDING TO EPISTASIS OF sp AND OF gr, AND ALSO (IN TWO FAMILIES) ACCORD- 
ING TO NO LINKAGE BETWEEN C AND sp AND ACCORDING TO LINKAGE WITH 20% CROSSING OVER. 


COLORED NONORANGE AND NONCOLORED TYPES 
VALUES 


NOT INCLUDED IN CALCULATION OF CHI-SQUARE 











CHI-SQUARE VALUES 














OBSERVED i es, ee eee as 
FAMILY* Linkage | No linkage 
nines operations Maid eam ee Se ee eS ee 
| | 
co eT me. Tet sp epistatic | er epistatic sp epistatic gr epistatic 
: = 4 r Beets — 
3001 8 Sf a lo 17 0.16 0.32 1.68 
| (90-95%)t | (80-90%) | (30-50%) (50-70%) 
3103. 18 Oe ee a ea 0.87 4.37 29 .05 4.45 
(50-70%) | (10-20%) (less than 1%) (10-20%) 
3013 6 8 3 | 23 ° Cannot test linkage | 0.45 0.77 
| | ‘ | (70-80%) (50-70%) 
S900 s1..1 6 2 a ec (ie 2 22 Cannot test linkage 0.93 7.60 
| | (50-70%) (2-5%) 
* Genotypes of parents. — mae OO - 
3001: cSp/csp Grer KX CSp/csp Grer 
3103: cSp/csp grer X CSp/csp Grer 
3013: Csp/cSp Grer XK Csp/Csp Grer 
3101: cSp/cesp grer XCsp/csp Grer 
t Figures in parentheses indicate probabilities for two degrees of freedom. 


22 noncolored. On the basis of the epis- 
tasis of sp, the expected ratio (excluding 
noncolored) is 7.5 : 15 : 7.5, but if gr is 
epistatic, the ratio becomes 7.5 : 7.5 : 15. 
As shown from table 5, there is a much 
better agreement if it is assumed that sp 
is epistatic to gr. 

The possible connection between the 
sp and gr genes and bu and p must be 
considered. Are either sp or gr merely 
the expressions of bu and p ona C rather 
than on a c background? Families 3225 
and 3226 might indicate that granular 


segregation into 1 Bu : 1 bu (because of 
the elimination of s¥ male gametes), 
which might indicate that gr and bu were 
identical; but the first two families dis- 
prove that, since they are segregating 
for gr but not for bu. Families 3361 and 
3373 Support these suggestions, since 
they are both segregating for gr but for 
neither p nor bu. There is some evidence 
also to indicate that sp is not identical 
with p or with bu. Family 3101 is segre- 
gating into 1 Sp: 1 sp but has no buff 
plant, while in 3411 there are bu but no 
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sp plants, although the population is 
small (table 4). In families 3223, 3225, 
3226, and 3411 there are pale-upper but 
no splotched plants, an indication that 
sp and p are not the same gene. There is 
no evidence regarding a possible connec- 
tion between sp and gr and the yellow 
genes y, gl, and ys, since the first two 
were found only in orange families and 
the last three only in white. 

With regard to linkage, there is prob- 
ably no linkage between gr and the self- 
sterility alleles, since the Gr : gr ratios 
in the six families (3223, 3225, 3226, 
3361, 3373, and 3411) that have a com- 
mon self-sterility allele are not especially 
bad except for 3223 and the absence of 
gr plants in 3411. Since none of the fami- 
lies segregating for sp had a common self- 
sterility allele, nothing is known of pos- 
sible linkage between sp and s. 

Linkage with y, gi, and ys has not been 
tested, for sp and gr have not been found 
in 00 plants. Linkage between sp or gr 
and bu or p cannot be tested, for it has 
not been possible to distinguish between 
Sp and sp and between Gr and gr in cc 
plants or between Bu and bu or P and p 
in C plants. 

Since ¢ is epistatic to Gr and gr, pos- 
sible linkage between gr and C must be 
determined from the Gr : gr ratio in C 
plants in families which also throw re- 
cessive noncolored plants. The ratios in 
table 4 are generally sufficiently good so 
that there is no suggestion of linkage. 
The splotched gene, however, does ap- 
pear to be linked with C, although the 
evidence is not so extensive as might be 
desired. Family 3004 arose from the 
cross Cc Oo Spsp X Cc 00 Spsp and seg- 
regated into 20 colored orange non- 
splotched : 2 colored orange splotched : 
48 colored white: 10 noncolored or- 
ange : 15 noncolored white. The high 
percentage of whites in both the colored 


and noncolored classes is not readily ex- 
plained and is not concerned in the imme- 
diate problem. The segregation of the 
colored, orange plants into 20 non- 
splotched : 2 splotched, however, is in- 
teresting. On the basis of independent 
assortment, the deviation divided by the 
standard error is 1.72, but if C and sp are 
linked in the coupling phase in each par- 
ent, with 20% crossing over, the ex- 
pected ratio for the twenty-two plants 
is 19.4 nonsplotched : 2.6 splotched, and 
the ratio of the deviation to the standard 
error is only 0.40. The observed ratio 
therefore agrees somewhat better with 
that expected on the basis of linkage. 
Families 3001 and 3103 also segregate 
for both C and sp and could be used to 
test for linkage, but since they are also 
segregating for granular, the problem 
also involved the epistasis of sp over gr. 
It has previously been shown that in 
families 3013 and 3101 (table 5) the ob- 
served numbers of the self-colored, 
splotched, and granular types show a 
closer fit to the expected ratio based on 
the epistasis of sp over gr than that based 
on the epistasis of gr. In families 3001 
and 3103, using chi-square, the observed 
ratios were tested against the expected 
ratio based on (a) the epistasis of sp and 
linkage between C and sp with 20% 
crossing over, (b) the epistasis of gr and 
such linkage, (c) the epistasis of sp and 
no linkage, and (d) the epistasis of gr and 
no linkage. In both cases the observed 
ratio is in closer agreement with the first 
assumption. While such an agreement 
does not prove the assumption, at least 
it can be said that in four families the 
ratios are consistent in favoring the as- 
sumption that sp is epistatic, and in 
three families the ratios favor the view 
that sp and C are linked with about 20% 
crossing over. 








RED-OUTLINE (RO) 

In the red-outline type, the antho- 
cyanin pigmentation on the lower lip is 
generally confined to a thin red outline, 
although a few spots of red are also found 
near the tube, and on the splotched, red- 
outline type the splotched pattern may 
be present in addition to the outline. The 
upper lip is also red but the color is un- 
even (fig. 3). In some cases apparently 
the color is also greatly restricted in the 
upper lips, appearing only as a thin out- 
line and a spot on each side of the lips 
near the tube. This gene apparently is 
expressed only in the presence of C. 

Red-outline appears to be a recessive, 
although the data in regard to it are few. 
It is a difficult type to study because it 
is apparently affected by the presence of 
other genes. Unfortunately, the families 
in which it appeared were also segregat- 
ing for a large number of genes which 
restrict the anthocyanin pigment to cer- 
tain patterns, and in the course of follow- 
ing some of these other genes the red- 
outline type was neglected. 

Family 3016 arose from a cross be- 
tween two nonred-outline plants, 2901 
(14) and 2901(16), and contained 11 
nonred-outline and 6 red-outline. This 
looks like a simple recessive. Family 3005 
was not so clear. The male parent was 
the same as in the previous family, but 
the female parent, 2901(7), appeared to 
be a red-outline phenotypically. Family 
3005, however, consisted of 73 colored 
orange nonred-outline : 8 colored orange 
red-outline : 17 colored white nonred- 
outline : 2 colored white red-outline- 
all plants having anthocyanin pigment. 
The deficiency of red-outline cannot be 
explained. Family 3004 was from the 
cross 2901(7) X (13) and had 22 colored 
orange red-outline and 48 colored white 
nonred-outline. It is péssible that both 
parents were recessive, although only 
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the female appeared to be red-outline 
phenotypically, and that some modify- 
ing gene prevented the expression of red- 
outline in the parent which had a white 
background. Family 3009 was from 
2901(10), a red-flowered plant pheno- 
typically nonred-outline, and 2901(5), a 
noncolored orange-flowered plant. The 
ten colored offspring from this cross were 
all red-outline, although the one parent 
was not red-outline phenotypically. Some 
of the discrepancies in these families may 
arise from the difficulty of scoring red- 
outline when certain other pattern genes 
are present, but it is also possible that 
red-outline may be caused by two differ- 
ent genes that produce a somewhat simi- 
lar effect. Red-outline will be considered 
tentatively as a simple recessive and 
given the symbol ro. 


BICOLOR (BI) 


The bicolor type is another modifica- 
tion of the C type and is apparently not 
expressed in cc plants. It has been traced 
through several generations in the line 
of plants with a white background. In 
the colored nonbicolor plants, the inner 
part of the corolla limb is Pomegranate 
Purple or a related color, but in the bi- 
color type the upper lip is Pomegranate 
Purple and the lower lip is Rose Color. 
The lower part of the tube is orange with 
deep purple dots in both the nonbicolor 
and bicolor plants. There is no evidence 
whether the bicolor gene can act in col- 
ored plants that have an orange back- 
ground. In one of the earliest families, 
several plants were described and cata- 
logued which appear as if they might 
have been bicolors on a colored orange 
background, but unfortunately they 
were found in a family that was not used 
to produce subsequent generations. No 
known bicolors appeared in the orange 
line that was continued for a number of 
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generations. Crosses were made between 
bicolor plants on a white background and 
orange plants, but unfortunately the 
seeds of these crosses were no longer vi- 
able when they could be sown. This type 
has not been recovered in the new ma- 
terial as yet. 

When two nonbicolor plants are 
crossed there are always nonbicolor 
plants in the offspring, although there 
are sometimes bicolors as well. Two 
families (3365 and 3406) arose from 
crosses between two bicolor plants. In 
one there were 41 bicolors and in the 
other there were 13, and in neither family 
was a nonbicolor found (fig. 4). A cross 
between a nonbicolor and a bicolor pro- 
duced family 3381, which contained 24 
nonbicolor and no bicolors. This last 
cross indicates that bicolor is recessive 
to nonbicolor. 

Three families arose from a cross be- 
tween two nonbicolors and contained 
both types of plants. In family 3012 
there were 46 nonbicolors and 15 bicol- 
ors, while in families 3216 and 3210 the 
respective ratios of nonbicolor to bicolor 
were 8:1 and 2:1. In all three families 
and in the total of the three families the 
deviation from an expected 3:1 ratio was 
less than the standard error (table 6). 
One cross between a bicolor and a nonbi- 
color yielded 29 nonbicolored and 24 bi- 
colored offspring (family 3366). On the 
basis of a 1:1 ratio the deviation in this 
family is 0.69 times the standard error. 
These families support the theory that 
bicolor is a simple recessive. The bicolor 
gene will be designated by the symbol 07. 

Twelve other families arose from 
crosses between two nonbicolor plants 
and segregated into both nonbicolors and 
bicolors. As several showed a deviation 
more than twice as great as the standard 
error for a 3:1 ratio while some others 
had a deviation almost as large, it was 
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decided to consider the possibility that 
the bicolor gene might be linked with the 
self-sterility alleles. This possibility was 
strengthened by the fact that the families 
with disturbed ratios were from parents 
which had a self-sterility allele in com- 
mon. The self-sterility alleles of the vari- 
ous plants used as parents of these fami- 
lies and the self-sterility classes of the 
families themselves were known (22), so 
the first step in the problem was to fit 
the Bi and bz genes into a logical coupling 
or repulsion arrangement which would 
produce the aberrant ratios of these fami- 
lies. When these families were plotted in 
a diagram (fig. 4), it was seen that in 
some instances the Bi gene must have 
been coupled with the common self-ste- 
rility allele in the male, while in other 
families the male parent must have had 
the bi on the same chromosome as the 
common s allele. Seven families appeared 
to fall into the first category and five into 
the second, and these two groups are 
listed separately in table 6. Of the first 
seven families, only one deviated signifi- 
cantly, but the group as a whole segre- 
gated into a ratio of 126 nonbicolor to 64 
bicolor, with a deviation 2.6 times the 
standard error for a 3:1 ratio. If there is 
linkage between bz and s, these seven 
families when combined would indicate 
a crossing over of 33.68%. For the five 
families in which 07 in the male is coupled 
with the common s gene, the combined 
ratio is 158 nonbicolor to 34 bicolor and 
the deviation is again significant. If 
linkage is assumed, crossing over is 
35-42%. When these two groups of plants 
are considered together, linkage comes 
to about 34.6%. 

Individually, few of these families 
deviate significantly from a 3:1 ratio, 
but when the observed ratios are com- 
pared with the expected 3:1 ratios and 
with the expected ratios based upon 
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linkage between bi and s with 34.6% 
crossing over, it is found that the agree- 
ment with the latter ratio is better in 
nine of the twelve families. In two fami- 
lies (3211 and 3214) the observed ratio 
agrees better with the expected 3:1 ratio. 
The reasons for this are not clear, but 
these families are from reciprocal crosses 
and some other factor may be operating. 
The third family (3206) contains only 
six C plants, deviates significantly from 
both expected ratios, and probably 
should not be included. 

Only one family resulted from a cross 
between a heterozygote and a bicolor. 
This was family 3111, whose parents 
were 3012(6) and 3012(1). Family 3012 
arose from two of the original plants and 
segregated into a perfect 3:1 ratio. The 
parents had no self-sterility alleles in 
common, for four self-sterility classes 
were found in 3012. Plant 3012(6) was 
s*s3 and a bicolor. Plant 3012(1) was s's? 
and heterozygous. When this plant was 
crossed as a male on to 3012(3) to pro- 
duce family 3108, it appeared that the 
Bi gene must be coupled with the s™ gene 
as the ratio in 3108 could not otherwise 
be explained. If plant 3102(1) is s'Bi/ 
s*bi, the s? gametes should be eliminated 
in the cross 3012(6) X (1), and there 
should be an excess of Bi plants over the 
expected 1:1 ratio, all bicolors appearing 
merely as the result of crossing over. 
Only thirteen C plants were raised in 
this family, and eight were nonbicolor 
and five were bicolor. On the basis of no 
linkage the deviation is 0.83 times the 
standard error, but on the basis of link- 
age it is only 0.29 times the standard 
error. While neither ratio deviates sig- 
nificantly, again there is better agree- 
ment with the theory based on linkage. 

Even though a series of disturbed 
ratios fits into a scheme based on linkage 
with self-sterility alleles, the possibility 
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that the morphological genes are elimi- 
nated for some other reason must also be 
considered. Linkage with Ga genes, such 
as MANGELSDORF and JONES (16) found 
in maize, with complete elimination of 
the ga gametes and 34.6% crossing over 
between Ga and 07, could also explain 
some of these disturbed ratios. To de- 
termine whether linkage with such genes 
is the cause of the gametic elimination 
of Bi or bi genes, the ratio of the two 
self-sterility classes in both the Bi and bi 
phenotypes should be examined. East 
and MANGELSpoRF (7) showed that 
when the two parents have a common 
self-sterility allele, the self-sterility class 
of the mother is always absent in the 
progeny, and that, of the two classes in 
the offspring, one is identical with that 
of the paternal parent while the other is 
different from the classes of both par- 
ents. If Ga genes were operating, the 
ratio of Bi to bi would be determined by 
the nature of the coupling of Ga and dz. 
Half the Bi plants would belong to the 
paternal self-sterility class and half to 
the nonparental class, while half the bi 
plants would be of the paternal class and 
the other half would be nonparental. If 
bi was linked with the s genes, the ratio 
of paternal to nonparental classes would 
not be 1:1 for both the bicolor and non- 
bicolor types, but it would be different 
for each. For example, if Bz in the male 
were coupled with the common self- 
sterility allele, the paternal Bz plants 
would be more numerous than the non- 
parental Bi type, while more nonparental 
bi plants than paternal bi’s would be ex- 
pected. Likewise, if b¢ were coupled with 
the common allele in the male, the non- 
parental nonbicolors should exceed the 
paternal, while there should be more pa- 
ternal than nonparental bicolors. Table 
7 lists the total of these four groups for 
three families in which Bi was coupled in 
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the male and for four families in which 
bi was coupled in the male. While chi- 
square is not significant for either theory, 
it is smaller in each case when the ob- 
served ratio is tested against the ex- 
pected, based on linkage of bi and s, than 
when tested against a possible linkage of 
bi with Ga genes and absence of linkage 
between bi and s. This test affords addi- 
tional evidence to suggest that the gene 
for bicolor is linked with the self-sterility 
alleles. 
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These families do not segregate for C and 
therefore contain all colored plants. 
Since there are no white plants, the ratio 
of nonbicolor to bicolor should be 3:1 if 
the disturbed ratios in segregating fami- 
lies are due to linkage between i and C 
rather than between di and s. These two 
nonsegregating families support the the- 
ory that 07 is not linked with c. This idea 
is further supported by family 3012, 
which is segregating into colored and 
noncolored plants but in which the ratio 


TABLE 7 


COMBINED RATIOS OF NONBICOLOR TO BICOLOR AND OF PATERNAL TO NONPARENTAL SELF-STERILITY 
CLASSES. FOLLOWING THE OBSERVED RATIOS ARE (1) EXPECTED RATIOS IF THE GAMETIC ELIMINA- 
TION OF Bi AND bi IS NOT THE RESULT OF LINKAGE BETWEEN BICOLOR AND SELF-STERILITY ALLELES 


| 
OBSERVED | 


LINKAGE IN MALE No. oF Non- “ 
} . Bicolor 
PARENT FAMILIES bicolor 
p* N P | N 
Bi coupled... 3 et a SP we 
bi coupled. . 4 14 | 17 7 2 


* P, paternal; N, non>arental 


As in the case of the buff gene (25), 
since bi cannot be tested in cc plants, and 
since linkage between bi and C would 
therefore give disturbed ratios of Bi to bi 
inC plants of families segregating for C, 
the possibility that the disturbed ratios in 
these families are due to linkage between 
bi and C rather than between bi and s 
must be considered. If linkage were be- 
tween bi and C, the ratios should not be 
disturbed in families which do not segre- 
gate for C. In families 3107 and 3108 
(table 6) the ratios are very much nearer 
those based on linkage between 67 and s 
than those based on no such linkage. In 
fact, in 3107 the deviation from the ex- 
pected 3:1 ratio is highly significant 
while in 3108 it is almost significant. 


AND (2) EXPECTED RATIOS IF bi AND Ss ARE LINKED WITH 34.6%, CROSSING OVER 


EXPECTED (1) EXPECTED (2) 


Non- Bicolor | X? Non- Bicolor X? 
bicolor } bicolor 
| : | 
P N P N P N P N 
4) 9.4) 4.6) 4.6) 2.24 |10.8) 8.0) 3.2] 6.0) 0.87 
5|16.5) 3.5) 3-5) 4-54 |15.4|17.6| 4.6) 2.4) 1.47 


of nonbicolor to bicolor is a perfect 3:1 
ratio. 

Since bz appears to be linked with s, it 
should also be linked with buff, as the 
latter is closely linked with s. ‘This pos- 
sible linkage cannot be tested directly, 
however, since bu is expressed only in cc 
plants, while 67 is expressed only in 
plants containing the dominant allele C. 
For a similar reason, it is not possible to 
test linkage between bicolor and pale- 
upper, but since 07 is linked with s while 
p is not, bi and p cannot be linked. Fora 
similar reason, i cannot be linked with 
O and is probably not linked with y, g/, 
ys, or gr. It is not known whether sp and 
s are linked. No data are available to 
test linkage between bi and sf, since the 
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bicolor plants were found only in the oo 
strain while the splotched type was iden- 
tified only in O plants. 


CHIMAERAS 


Chimaeras throw some light on the 
recessive nature of noncolored, just as 
they did for nonorange and for yellow 
(25). Several have been found. Three 
plants were scored as Carmine and were 
in families in which at least some of the 
plants were heterozygous for C. In each 
plant there was an orange streak in the 
lower lip. One other plant from one of 
these same families had several orange 
streaks in both lips. In one plant of a 
family segregating for C on a white back- 
ground, there was a white streak on the 
upper lip which was otherwise Pome- 
granate Purple. In one flower of a plant 
of family 3372, a more complicated chi- 
maera was found. This plant was a car- 
mine-flowered plant on an orange back- 
ground. The color was uneven, but as the 
family was composed of several different 
pattern types it was not certain whether 
the irregularity in color was due to sf, to 
some other pattern gene, or to both. It 
had one wide chimaera in the center of 
the lower lip. This streak was Pome- 
granate Purple, but or each side of it 
there was a narrow streak of white. Ap- 
parently there was considerable mitotic 
disturbance when the flower was devel- 
oping, resulting in the loss of the O gene 
at one point and the loss of C at two 
other points within the area that had 
lost the O. 

The presence of orange streaks in red 
flowers and white streaks in purple flow- 
ers supports the idea that in the absence 
of some confusing, modifying genes, CO 
is red and Co is purple. Two plants from 
a family homozygous for O were Ox- 
blood Red but had oné flower with sever- 
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al white chimaeras on the upper lip. At 
first sight these appear to be contradic- 
tory to the general rule, but a close ex- 
amination showed that within the white 
sectors the entire epidermis was missing, 
so that the white streaks represented 
subepidermal tissue. 


Summary 


1. Colored flowers are dominant over 
white and are the result of gene C, a gene 
for anthocyanin pigmentation. In gen- 
eral, this gene in combination with O 
produces Carmine or Ox-blood Red 
flowers, while C-o0 plants are usually 
Pomegranate Purple, Amaranth Purple, 
or Rose Color. Certain modifying genes 
vary the color, and in some plants it is 
impossible to determine from the color 
of the anthocyanin whether the back- 
ground is white or orange. Gene C does 
not appear to be linked with the self-ste- 
rility alleles, or with O, bu, p, y, gl, or ys. 

2. Two of the important modifiers of 
C are the splotched (sp) and granular 
(gr) genes. Both are recessives and are ex- 
pressed only in C plants. In the splotched 
type the color is uneven and frequently 
found in irregular blotches and streaks. 
This gene is variable in its expression. In 
granular, there are numerous small color- 
less dots in the anthocyanin region, and 
again the expression of the gene is not 
uniform. Apparently neither sp nor gr is 
merely an expression of bu, p, y, gl, and 
ys on a C background. Several families 
indicate that sp is epistatic to gr and that 
sp and C are linked with about 20% 
crossing over. 

3. Red-outline (vo) is another modifi- 
cation of C. The pigmentation tends to 
be restricted to an outline on the margin 
of the lower lip or of both lips, although 
other areas of color are usually present 
also on the lips. It appears to be a simple 
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recessive, but the data are meager and 
some ratios are poor. Apparently it is 
hypostatic to c. 

4. Bicolor (bi) is a modification of C 
in which the anthocyanin color is con- 
siderably paler on the lower lip. This has 
appeared with certainty only in the 
strain homozygous for 0, but there is 
some indication that it also affects CO 
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plants. In general, the upper lip is Pome- 
granate Purple and the lower lip Rose 
Color. It does not seem to have any ex- 
pression in cc plants. It is linked with the 
self-sterility alleles, with about 34.6% 
crossing over. 
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INTERACTION OF NITROGEN NUTRITION AND PHOTOPERIOD 
AS EXPRESSED IN BULBING AND FLOWER-STALK 
DEVELOPMENT OF ONION 


N. J. SCULLY,’ M. W. PARKER,” AND H. A. BORTHWICK3 


Introduction 


Photoperiod has been shown (2, 3, 5, 
6) to exercise strong control over bulb 
formation in onion. Long photoperiods 
promote bulbing, and short ones delay, 
or—if sufficiently short—completely in- 
hibit it. The level of nitrogen nutrition 
has also been found (1, 9) to influence 
bulb formation, high levels delaying 
bulbing and low levels accelerating it. 
The effects of these two factors on the 
flowering of onion have received much 
less attention, but knowledge of such 
effects would be helpful to onion breed- 
ing and to an understanding of the photo- 
periodic reactions involved. Previous 
studies have not simultaneously varied 
the nitrogen nutrition and the photo- 

' Assistant Ecologist, ? Physiologist, and 3 Senior 
Botanist, Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering, Agriculture Research Admin- 
istration, U.S. Department‘ of Agriculture, Belts- 
ville, Maryland. 


period, so such experiments have been 
undertaken here in order to determine 
whether any interactions exist, and, if so, 
what their effect is on bulbing and flow- 
ering. 


Material and methods 


These experiments were conducted in 
the greenhouse at various times of the 
year. The first experiment reported did 
not deal with different levels of nitrogen 
nutrition, and the plants were initially 
grown in soil in 4-inch pots. Later they 
were transplanted to soil benches. The 
plants for the other two experiments 
were grown in sand in 1}-liter glazed 
crocks. In these tests the concentration 
of available nitrogen was varied. 

In the nutrition experiments, eight 
solutions (table 1) were used. Solutions 
1, 2, 7, and 8 were employed in experi- 
ment II and solutions 3-7, inclusive, in 
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experiment III. Solution no. 1 differed 
from all others in both the form and the 
concentration of the major elements, but 
solutions 2-8 were identical in composi- 
tion, except for their concentrations of 
nitrogen. All solutions were complete 
except no. 2, which contained no nitro- 
gen. A modified Hoagland solution (4) 
was employed to supply the minor ele- 
ments in each nutrient solution. The so- 
lutions were applied daily in sufficient 
quantity to insure adequate flushing 
from the crock drains. 
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Results 
EXPERIMENT I 


The plants for this experiment were 
produced from hybrid onion bulbs‘ (F, 
population of male-sterile Italian Red 
13-53 X Red Wethersfield) planted in 
soil in pots October 29, 1941. They were 
grown until December 1g in controlled 
environment rooms,’ where they re- 
ceived 12-hour photoperiods and four 
different combinations of night and day 
temperature. Following this, they were 


TABLE 1 


COMPOSITION OF NUTRIENT SOLUTIONS 


MOLAR CONCENTRATION OF C.P. SALTS 





SOLUTION NO. l ‘a ' - N (P.P.M.) 
| | 
MgSO,*7H.0} CaCl+2H.0 | KH.PO, | (NH,)sSO, | Ca(NO;).*4H.O| NaNO 

I 0.0023 ; 0.0023 0.0007 ce | a ere 73 
2 0058 © .0030 OO15 ; ° 
3 0058 0030 OOI5 ©.0002 3 
4 0058 0030 OOI5 0009 13 
5 0058 0030 WN See etc ewhya wate areas 0018 26 
6 ; 0058 0030 OOI5 0028 39 
7 ‘ ; 0058 0030 OO15 0037 52 

°.0058 0.0030 ©.O0015 0.0075 105 


Photoperiods both longer and shorter 
than those occurring naturally were em- 
ployed. Supplemental light from 1o00o- 
watt incandescent filament bulbs was 
used to extend the natural photoperiods. 
In experiments I and II the intensity of 
supplemental light was 40-50 foot- 
candles and in experiment III about 25 
foot-candles at pot level. 

The plants requiring photoperiods 
shorter than those occurring naturally 
were either covered with a double thick- 
ness of black sateen cloth or moved into 
dark chambers after they had received 
the desired duration of light. The data 
were subjected to variance analysis (8) 
and the significance of differences de- 
termined by the /-test. 





moved to the greenhouse, transplanted 
to soil benches, and subjected to three 
different lengths of photoperiod until 
April 10, when the experiment was ter- 
minated. P 

The four temperature treatments ap- 
plied while the plants were in the control 
rooms consisted of 65° F. night and day, 
45° F. night and day, and both night and 
day combinations of these two tempera- 
tures. The photoperiods employed after 
the plants were moved to the greenhouse 

4 All onion plant material was supplied by Dr. 
HENRY Jones, Bureau of Plant Industry Station, 
Beltsville, Maryland. 

5A complete discussion of the features of these 
rooms has recently been reported by PARKER (7). 
The light is secured from a combined carbon-arc 
Mazda source and is of a quality similar to sunlight. 
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were 10, 14, and 18 hours. Each photo- 
periodic treatment included plants from 
all the four temperature treatments, and 
the experiment was set up in duplicate 
in adjoining greenhouse sections. 
Frequent dissections were made of 
plants from the various treatments, be- 
ginning December 19 when they were 
moved to the greenhouse, but the first 
inflorescence primordia were not ob- 
served until January 16. Flower stalks 
first became macroscopically visible by 
the middle of February, and by April 10 


TABLE 2 


INFLUENCE OF TEMPERATURE AND PHOTOPE- 
RIOD ON PRODUCTION OF FLOWER STALKS BY 
HYBRID ONION PLANTS. SIXTEEN PLANTS PER 
LOT ‘ 


TEMPERATURE NUMBER OF FLOWER STALKS 





(°F.) DEVELOPED ON PHOTOPERIODS 
| | | 
Ligh Dark | { 
s : ee 1o-hour | 14-hour | 18-hour 
period period | 
65 65 4 | 10 | 7 
\ 
65 | 45 4 | i Il 
45 | 65 2 { fF ¢ 14 
45 | 45 8 | 


an 12 


(when the experiment was terminated) 
they were present on 103 of the 192 
plants. The remaining eighty-nine plants 
were dissected at that time, and only 
three contained inflorescence primordia. 

The temperature variables to which 
the plants were subjected during the first 
weeks of growth did not result in any 
statistically significant flowering differ- 
ences (table 2), but the plants that had 
received no low temperature during their 
early development produced fewer flower 
stalks than did those of the other three 
treatments. The greatest differences in 
flowering were associated with differ- 
ences in photoperiod. About equal num- 
bers of plants on 14- and 18-hour photo- 


[SEPTEMBER 


periods produced flowers, but less than 
half as many flowered on 10-hour photo- 
period, and at the time the experiment 
was terminated these were in a less ad- 
vanced stage of development than those 
of the longer photoperiods. On many of 
the 1o-hour plants the bract that nor- 
mally envelops the inflorescence grew 
into a long, curved, green structure re- 
sembling a vegetative leaf blade. The 
14-hour plants exhibited the same char- 
acter to less degree, but it was not ob- 
served in the 18-hour lots. Representa- 
tive plants from the 10-, 14-, and 18-hour 
photoperiods are shown in figure 1. 


EXPERIMENT II 


On July 21, 1942, two closely related 
plant lines, 74 and 75, were planted 
outdoors in soil in thumb-pots. These 
lines had been derived from Yellow 
Bermuda X White Persian F,’s, back- 
crossed once to Yellow Bermuda and 
then selfed. The germinated seedlings 
were subjected to 8-hour photoperiods 
for 6 weeks and then were washed free of 
soil and transplanted to quartz sand in 
glazed crocks in the greenhouse. During 
the following 2 weeks, while still on 8- 
hour photoperiods, the plants were given 
a complete nutrient solution (solution 7; 
table 1) supplying 52 p.p.m. of nitrogen. 
Experimental treatments involving two 
lengths of photoperiod and four nutrient 
solutions differing mainly in their nitro- 


gen content were begun at the close of ] 


this period, on September 28. 

Eight treatment blocks were estab- 
lished, four each for the 11- and the 13- 
hour photoperiods. Each block con- 
sisted of four rows of ten plants. One con- 
tinuous half of each row contained plants 
of line 74 and the other half plants of 
line 75, the relative position of the plant 
lines alternating from row to row. 

Four nutrient solutions (1, 2, 7, and 
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8; table 1) were used in each block, a 
different one for each row. Solution 1 
supplied nitrogen in the form of both 
nitrate and ammonia at a combined rate 
of 73 p-p.m., while solutions 2, 7, and 
8—which contained no ammonia—sup- 
plied nitrate nitrogen at rates of 0, 52, 
and 105 p.p.m., respectively. 

These treatments were continued un- 
til November 2, 1942, at which time all 
plants that had received the minus-nitro- 
gen solution had begun to bulb on both 
photoperiods, with the most advanced 
bulbing on the longer photoperiod. 
Bulbing was not evident in any other 
treatment on either photoperiod. At 
this time all plants of both photoperiods 
that had been receiving 105 p.p.m. of 
nitrogen were placed on minus nitrogen, 
and those that had been receiving minus 
nitrogen were placed on 105 p.p.m. of 
nitrogen. By January 1, 1943, the plants 
that had been shifted from minus to high 
nitrogen no longer showed any evidence 
of bulbing; however, the lots that had 
been shifted from high to minus nitrogen 
were in an advanced stage of bulb devel- 
opment. This reciprocal transfer demon- 
strated that a high level of nitrogen 
would suppress bulb formation even 
after the process was initiated, and that 
withholding nitrogen would promote 
bulbing even in plants that had previ- 
ously been grown on a high nitrogen 
level. 

By January 14, all plants except those 
on the highest nitrogen level had begun 
to bulb, but none had approached ma- 
turity. At this time the bulb diameter of 
each plant was recorded, and the means 
for these measurements are shown in 
table 3. Since none of the bulbs were ma- 
ture, these diameters indicate only the 
relative stages of development attained 
at the time the measurements were made. 
The plants maintained on minus nitro- 
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gen were characterized by erect, nonsuc- 
culent, pale green leaves; those supplied 
with 105 p.p.m. of nitrogen had declin- 
ing, succulent, dark green leaves. Those 





Fic. 1.—Hybrid onion plants grown on photo- 
periods of A, 10 hours; B, 14 hours; C, 18 hours. 
Photographed April 3, 1942. 


of the other two solutions were interme- 


diate in these characteristics and also in 
their degree of bulbing. 


Differences in bulb diameter signifi- 











cant at the 1% level were associated with 
photoperiod, solution, and replication, 
but not with plant line. The F-values of 
photoperiod and solution were each more 
than twice the F-value of replication. 
There was significance at the 5% level 
for the interaction of photoperiod and 
solution but not for any of the remaining 
two-factor interactions. This is inter- 
preted to mean that the progressive in- 
crease in difference between the two 
photoperiods that occurred as the nitro- 


TABLE 3 


INFLUENCE OF PHOTOPERIOD AND NITROGEN 
NUTRITION ON BULBING OF ONIONS FROM 
SISTER PLANT LINES. TWENTY PLANTS PER 
LOT 


| 
MEAN DIAMETERS (CM.) OF BULBS 
GROWN IN VARIED NITROGEN 


Pxoto- CONCENTRATIONS* 





PLANT 
PERIOD 
LINE 
(HOURS) | 
sos] 93) «(Ct:C S82 re) 
| p.p.m p.p.m. p.p.m. | p.p.m. 
= i ae inde’ <a aagiitan 
13 75 E06: | 226 { 2.8 3.6 
74 1.7 2.6 2.5 3.2 


75 1.4 7 ee 1.9 2.5 
74 1.4 2.0 1.9 2.6 


ae difference of 0.6 cm. required for significance 
gen content of the solution was de- 
creased was significant. 

Under both daylengths (table 3) the 
greatest degree of bulbing was associated 
with the minus-nitrogen level, while the 
least degree was associated with the 
highest level. Bulbing was intermediate 
in the other two treatments, and—al- 
though part of the nitrogen was supplied 
in the form of ammonia—for one of these 
treatments there was no significant dif- 
ference in the stages of bulb develop- 
ment under the two treatments. With 
each nitrogen treatment the degree of 
bulbing was greatest-under the longer 
daylength. 
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The most outstanding effect of the ni- 
trogen factor is evident (table 3) in the 
degrees of bulbing on the 11-hour photo- 
period as against those on the 13-hour. 
Plants receiving a minus-nitrogen solu- 
tion and an 11-hour photoperiod ex- 
hibited a greater degree of bulbing than 
did those receiving the 105 p.p.m. nitro- 
gen solution and 13-hour photoperiod. 
Statistically, this difference is highly sig- 
nificant. 

The data in table 3 indicate no appar- 
ent difference between the bulbing of the 
two plant lines under comparable experi- 
mental treatments. This behavior was to 
be expected, since the parental stocks 
from which these two lines came had 
been selected for uniformity with respect 
to bulbing performance. 

Single flower stalks were visible on 
each of three plants in the experimental 
population when the bulb diameters 
were recorded on January 14, so the ex- 
periment was continued until March 27, 
to demonstrate any effects of the various 
treatments upon flowering. No change 
was made in the nutrient treatments dur- 
ing this time but one hour was added to 
each photoperiod, making them 12 and 
14 hours each. During the 1o-week peri- 
od, daily records were taken of emer- 
gence of flower stalks of individual 
plants. 

The most obvious result of this part 
of the experiment was the difference in 
flowering response of the two lines when 
subjected to the shorter photoperiod 
(table 4). All but one of the eighty plants 
of line 75 flowered, but only twenty- 
three of line 74 flowered under this con- 
dition. The remaining fifty-seven plants 
of line 74 were not dissected; it is pos- 
sible that the inflorescence primordia 
may have been present in some of them. 
This difference in flowering response be- 
tween the two lines with the shorter pho- 
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toperiod is great enough to be highly 
significant. 

\ similar but less‘obvious difference 
appeared between the two lines on the 
longer photoperiod. Ten plants of line 
75 failed to flower but all of these had 
formed mature bulbs. In line 74 fourteen 
plants failed to flower but only six of 
these had formed mature bulbs. Thus, 
all the seventy non-bulbing plants of 
line 75 flowered, but eight of the seventy- 
four non-bulbing ones in line 74 failed to 


TABLE 4 
INFLUENCE OF PHOTOPERIOD AND NITROGEN NU- 
PRITION ON PRODUCTION OF FLOWER STALKS 
OF ONIONS FROM SISTER PLANT LINES. TWENTY 
PLANTS PER LOT 


No. FLOWER STALKS PRO- 


DUCED BY PLANTS GROWN 
IN VARIED NITROGEN 


PHOTOPERIOD (HOURS) 

















PLANT CONCENTRATIONS 
LINE = ak ss 
ces 
Sept. 28 Jan. 14 105 73 52 ° 
Jan. 14 Mar. 27 p.p.m.| p.p.m.| p.p.m./p.p.m. 
13 : te | 35 | 2) te | 19 16 
| 74 16 18; 18 14 
II | 12 75 | 19 20 20 20 
74 3 | 4] 9| 7 
| 
flower. This difference between the two 


lines may not be statistically significant 
but it is in the same direction as the 
greater difference found on the shorter 
photoperiod. 

Although there was no significant dif- 
ference in number of plants of line 75 
flowering under the two photoperiods, 
there was considerable difference in the 
degree of flower-stalk development. The 
inflorescences of plants in the lot on the 
longer photoperiod were considerably 
more advanced than those on the shorter 
photoperiod. Figure 2, showing repre- 
sentative long-day and short-day treat- 
ment blocks, illustrates this difference in 


SCULLY ET 


AL.—ONION 57 


degree of development of flower stalks 


and umbels. Figure 3 shows individual 
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Fic. 2.—Onion plants of sister lines grown on 


photoperiods of A, 12 hours; B, 14 hours. Photo- 
graphed March 13, 1943. 


plants representative of the types de- 
veloped in certain of the treatments at 
the close of the experiment. 








wn 
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EXPERIMENT III 


Uniform sets, 2-4 inches in diameter, 


of Ebenezer onion were planted in quartz 
sand in crocks in the greenhouse. The 
crocks were set on six trucks, fifty pots 
per truck, so that they could be readily 
moved to adjacent dark rooms. Ten 
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14 hours were maintained on pairs of 
trucks throughout the experiment. The 
daily duration of natural light was the 
same for all lots and varied from 83 to 10 
hours as the season progressed. This 
period of natural light was extended by 
incandescent light of approximately 25 





Fic. 3.—Onion plants grown with different photoperiods and with different concentrations of nitrogen: 
A, 12 hours and 52 p.p.m. nitrogen; B, 12 hours and o p.p.m. nitrogen; C, 14 hours and o p.p.m. nitrogen. 


Photographed March 13, 1943. 


plants on each truck received one of five 
nutrient solutions daily (solutions 3-7; 
table 1). These solutions differed only in 
concentration of nitrogen. Although the 
relative balance of major-salt ions was 
not constant for all five solutions, the 
only plant symptoms evident during the 
experiment occurred in the low-nitrogen 
lots and could be ascribed to a deficiency 
of nitrogen. Photoperiods of 10, 12, and 


foot-candles to give the desired photo- 
period. 

The treatments were started January 
7, 1943, when the sets were planted, and 
the first leaf blade had emerged from all 
sets by January 16. The plants were 
grown on the several photoperiods and 


nitrogen treatments for 8 weeks, ending 


March 17. At this time some of the plants 
on the 14-hour photoperiods had devel- 
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oped bulbs that were nearly mature, so 
the experiment was terminated. The 
roots were discarded and the rest of the 
plant was divided into leaf-base and 
leaf-top portions. The leaf-base part of 
some of the plants was a definite bulb 
but in others varied from a slightly 
swollen to an unswollen pseudostem. In 
the former case the leaf tops were cut 
just above the bulb and in the latter they 
were cut 1 inch above the basal plate. 
The tissue was dried in a forced-draft 
oven at 80° C. for 48 hours and the dry 
weight of each fraction determined. 

The dry weight of bulb or pseudostem 
expressed as percentage of the total dry 
weight of the plant was used as a meas- 
ure of the degree of bulbing. The mean 
values of these percentages, as well as the 
mean dry weight per plant for the vari- 
ous treatments, are given in table 5. 

All the plants on 14-hour photoperiod 
bulbed, regardless of the level of nitrogen 
supplied, and those from the four solu- 
tions of highest nitrogen composition at- 
tained about the same average weight. 
Although the bulbs from the solution of 
3 p-p.m. of nitrogen were little more than 
half as large as the rest, they reached ma- 
turity at approximately the same time. 
The bulbs of all lots contained about the 
same percentage of the weight of the 
whole plant. 

While all plants bulbed on the 14-hour 
photoperiods, only twelve of the 100 
plants on 12-hour photoperiod showed 
marked bulbing. Five of the latter were 
grown with 3 p.p.m. of nitrogen and the 
remaining seven with 13 p.p.m. In the 
10-hour treatments there were no well- 
developed bulbs, but in some lots the 
plants had begun to swell slightly at the 
base. The data on degree of bulbing for 
plants of the 1ro- and 12-hour lots (table 
5) indicate only the relative develop- 
ment attained at the time of harvest. 
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Bulbing differences between plants of 
the 14-hour and those of either the 12- 
or the 10-hour lots were obviously signifi- 
cant. Accordingly, an analysis of vari- 
ance was limited to the data on degree of 
bulbing of the 12-hour and 1o-hour lots. 
Such data show significance at the 1% 
level for nitrogen concentration but not 
for photoperiod or replication. There is 
no significance shown for any two-factor 
interaction. 


TABLE 5 
EFFECT OF PHOTOPERIOD AND NITROGEN SUPPLY 
ON DRY WEIGHT OF ONION PLANTS AND DE- 


GREE OF BULBING.* DATA BASED ON MEAN 
OF TWENTY PLANTS PER LOT 


| DRY WEIGHT (GM.) 
| DEGREE OF BULBING 























CoNncEN- | OF PLANTS GROWN 
TRATION ON PHOTOPERIODS ini 
OF NITRO- ad Te ae a oe een See 
GEN } | 
(P.P.M.) | 10- Iz- | 14- | 10 12- 14- 
| hour | hour | hour | hourt | hourt | hour 
CBee | 2.7] 2.8 1.8 | 12.5 | 13.4 | 68.8 
BBs... cs) HEY VST Sa) 16.6 | 25-3 | ae 
MBS Liz's | 1.9 | 1.9] 1.7 | 17.0 | 16.6 64.5 
ere 1.8 | 2.0] 1.9 | 17.0] 18.9 | 66.0 
year je-7 | 27 | 1.0 tale 22.8 | 69.0 





Dry weight of bulb or pseudostem 
Dry weight of total plant 





* Degree of bulbing = 


X 100. 


_ 4 Difference of 5.9 required by the nitrogen treatments for 
significance at 1% level. 


Discussion 


GARNER and ALLARD (2), McCLet- 
LAND (6), WILSON (9), and MAaGRUDER 
and ALLARD (5) have indicated the de- 
pendency of onion bulbing upon the rela- 
tive length of day. In all varieties inves- 
tigated they report that bulbing oc- 
curred under the longer photoperiods 
and was inhibited or delayed by the 
shorter ones. WILSON, one of the first to 
study the effects of nutrition on the bulb- 
ing of onion, investigated the relation of 
nitrate nitrogen to the carbohydrate and 
nitrogen content of onion plants grown 
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either in sand culture or soil. He noted 
that excessive quantities of nitrate 
tended to depress total yields of bulbs 
without affecting the yield of tops. Since 
photoperiod was not a variable in this 
particular experiment, WILSON was un- 
able to observe any interactive effects of 
nitrogen nutrition and photoperiod. 

BREMER (1) was the first to note that 
earlier bulbing of onion could be ob- 
tained through a nitrogen deficiency. He 
completed both greenhouse and field ex- 
periments, but like WiLson, he used but 
one photoperiod in any one experiment. 
The development attained at harvest 
time was indicated by expressing the 
weight of bulbs as a percentage of the 
total plant weight. On this basis, BREMER 
reported earlier bulbing if the plants re- 
ceived a deficient level of nitrogen— 
either in soil or in sand culture. 

The data presented in this paper sub- 
stantiate the fact that length of photo- 
period is a controlling factor in onion 
bulbing. Plants grown with the duration 
of photoperiod well above a certain criti- 
cal range bulb immediately, and those 
grown below do not. This critical range 
may vary somewhat for different varie- 
ties, but within this range the process of 
bulb formation is slower than it is with 
longer photoperiods, and the plants are 
more susceptible to the influence of other 
environmental factors. This is illustrated 
by the data of experiments II and III. 
The plants in experiment IT were grown 
near the critical range of photoperiod 
for bulbing, and nitrogen nutrition af- 
fected the degree of bulbing. In experi- 
ment III the longest photoperiod was 
farther from the critical range, and nitro- 
gen nutrition did not influence the bulb- 
ing response. Thus, an interaction of 
photoperiod and nitrogen nutrition on 
bulbing was evident ‘when the plants 
were grown near the critical photoperiod. 
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Under these conditions a deficient level 
of nitrogen has the same effect as length- 
ening the photoperiod, and a high nitro- 
gen supply has the same effect as short- 
ening the photoperiod. 

It is well recognized that varieties of 
onions differ in bolting habit. Experi- 
ment IT shows that photoperiod may be 
one of the controlling factors in the flow- 
ering response of onions. One of the two 
strains of experiment II showed rather 
striking differences in flowering between 
the two photoperiods employed, while 
the other showed only slight differences. 
Low temperature during the develop- 
ment of the plant is known to be a most 
important factor in determining whether 
onions will flower, but these data indi- 
cate that photoperiod may also play a 
prominent role. 

The difference in flowering response on 
short photoperiod of these two closely 
related strains of onion was not unex- 
pected. The two strains were derived 
from parent stocks selected for uniformi- 
ty of bulbing; no particular attention 
had been given to selection for uniformi- 
ty of bolting. By using controlled photo- 
periods such selections could be readily 
made, if desired. 

Plant breeders desirous of producing 
successive generations in the shortest 
time possible can grow their onions from 
seed to seed without an intervening dor- 
mant period if the environment is cor- 
rectly manipulated. If this is to be done, 
the seedling should be started and main- 
tained on a photoperiod below the criti- 
cal for bulbing. After the plants have 
grown for several months with relatively 
low temperatures, the photoperiod can 
be lengthened to promote flowering but 
must not be lengthened so much that the 
plants will produce mature bulbs with- 
out flowering. High concentrations of 
nitrogen added at this time help to de- 
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press the bulbing tendency resulting 
from the longer photoperiod. The data 
of this study do not indicate that such 
nitrogen applications interfere with floral 
development. 


Summary 


1. A study was made of the several 
effects of photoperiod and nitrogen nu- 
trition upon the bulb and flower-stalk 
development of onion. Plants were grown 
from seed, sets, and mature bulbs, and 
with soil and in sand culture. 

2. Plants grown on photoperiods sub- 
stantially longer than that critical for 
bulb formation showed no difference in 
bulb development when supplied differ- 
ent amounts of nitrogen. 

3. Plants grown on a photoperiod at 
or near that critical for bulb formation 


exhibited the greatest bulb development 
with the lowest nitrogen concentration 
and the least with the highest concentra- 
tion. 

4. Under certain environmental con- 
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ditions nitrogen and photoperiod can in- 
teract to influence bulb development of 
certain onion varieties. 

5. Onion plants of sister lines gave 
similar bulbing response on photoperiods 
of identical duration. However, the two 
lines differed in their production and de- 
velopment of visible floral stalks, espe- 
cially on the shorter of the photoperiods. 
Development of floral stalks was favored 
by- long photoperiods. 

6. In a hybrid line unrelated to the 
sister lines, long photoperiods also fa- 
vored flower-stalk development, but 
low temperatures applied during the 
early growth of these plants were with- 
out measurable effect. 

7. Onion plants were grown from seed 
to seed without an intervening dormant 
bulb stage by controlling the photoperi- 
od and concentration of nitrogen avail- 
able for growth. 


BUREAU OF PLANT INDUSTRY, SOILS 
AND AGRICULTURAL ENGINEERING 
BELTSVILLE, MARYLAND 
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HISTOLOGICAL CHANGES IN BINDWEED AND SOW THISTLE FOL- 
LOWING APPLICATIONS OF 2,4-DICHLOROPHENOXYACETIC 
ACID IN HERBICIDAL CONCENTRATIONS"? 


H. B. TUKEY, C. L. HAMNER, AND BARBARA IMHOFE 


Introduction 


Recent investigations have called at- 
tention to a new principle in herbicidal 
action following application of 2,4-di- 
chlorophenoxyacetic acid to bindweed, 
sow thistle, and other plants (4, 5, 9). 
Most other herbicides, such as sodium 
chlorate and sulphuric acid, depend upon 
caustic properties to destroy the parts of 
the plant with which they come into im- 
mediate contact. The action of 2,4-di- 
chlorophenoxyacetic acid, however, is 
physiological (11); the chemical, or its 
effect, travels some distance through the 
plant to induce a telemorphic response 
(2) which contributes to the death of the 
plant. The typical gross symptoms fol- 
lowing application to bindweed and sow 
thistle are curvature and chlorosis of 
above-ground parts and proliferations of 
below-ground parts. The external evi- 
dence is an indication of changes taking 
place within the plant. This paper pre- 
sents a study of these responses on a cel- 
lular level, to determine, if possible, how 
they contribute to the death of the plant. 


Material and methods 


The plants used for anatomical and 
histological study were bindweed (Con- 
voluulus arvensis L.) and sow thistle 
(Sonchus arvensis L.). They were grow- 

‘ Journal Article no. 643 of the New York State 
Agricultural Experiment Station, Geneva, New 
York. 

2 This work was supported in part by a grant 


from the Dow Chemical Company, Midland, 
Michigan. . 
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ing in a cultivated area in the immediate 
vicinity of Geneva, New York, the sum- 
mer of 1944. The soil of the area is char- 
acteristically heavy, has a pH of 6.5, and 
is provided with a fairly uniform mois- 
ture supply. 

The plants were sprayed with an aque- 
ous solution of 2,4-dichlorophenoxy- 
acetic acid at 1000 p.p.m. in a carrier of 
0.5% Carbowax 1500, using a knapsack 
sprayer. Bindweed was treated on July 
14 and 24, 1944, when mean tempera- 
tures were approximately 80°-85° F. by 
day and 55 —60° F. by night, and when 
plants were in a condition of vigorous 
growth (4, 5). Material for histological 
study was collected on July 21, 24, and 
25. Flower buds, leaves, stems, under- 
ground stems, and roots were gathered. 
The underground parts were obtained to 
a depth of 14 inches, at which depth the 
main horizontal roots are found (3), 
since the watertable at Geneva is rela- 
tively high. Vigorous plants of sow thistle 
were treated on September 12, when 
mean temperatures were approximately 
70-80 F. by day and 55°-60 F. by 
night. The crown and 6 inches of vertical 
underground stem were collected on 
September 21 for histological study. 

All material was fixed in formalin- 
acetic-alcohol, and the butyl alcohol- 
paraffin method of dehydration and im- 
bedding was used. Sections were stained 
either with safranin and light green or 
with Flemming’s triple stain modified by 
Margolena to include iodine. 
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Results 
BINDWEED 


FLOWER.—In gross appearance 1 day 
after treatment, the petals, stamens, and 
pistils of open flowers were brown, and 
anthers were shrunken and distorted. 
Flower buds and unopened flowers were 
arrested in development and failed to 
open. 

The histological characteristics of the 
flower are similar to those of other mem- 
bers of the Convolvulaceae and need not 
be detailed here. Unopened flowers were 
used, since they provided unshed pollen 
as well as other floral parts still in devel- 
opment. The cells of the ovary wall were 
parenchymatous, and those in the devel- 
oping ovules were meristematic. The 
cells of the nucellus were active and filled 
with starch grains. Starch was also found 
in moderate amounts in the sepals, pet- 
als, anthers, and pollen grains. 

Histological changes were pronounced 
in the unopened flowers 7 days after 
treatment. The cellular structure of the 
sepals and petals seemed not affected, 
but the starch reserve, which was present 
in moderate amounts in those tissues, 
had disappeared by that time. Ninety- 
five per cent of the pollen grains had been 
affected, the cytoplasm having shrunken 
frequently from the walls—as if severe 
plasmolysis had occurred. A characteris- 
tic feature was the appearance of large 
vacuoles, as contrasted with smaller ones 
found in the pollen of untreated plants 
(fig. 1). Development of the endothecium 
of the anther was arrested. The cells ap- 
peared plasmolyzed, starch had disap- 
peared, and cell contents were greatly 
reduced in density. In the ovule the nu- 
cellar tissue immediately surrounding 
the gametophyte differed markedly in 
untreated plants, the cytoplasm being 


3 


much less dense. All meristematic ac- 
tivity in the nucellus had apparently 
ceased, and the cells had the appearance 
of mature parenchyma. Starch had dis- 
appeared from the entire ovule, except 
in the innermost layers of the nucellus. 
The cells of the ovary wall, although re- 





Fic. 1.—Effect of 2,4-dichlorophenoxyacetic acid 
on pollen grains of bindweed: A, pollen from treated 
plants, showing plasmolysis and large vacuoles. B, 
from untreated plants, showing turgid condition of 
pollen grains, and small vacuoles. 


maining more typically parenchymatous, 
underwent similar reduction in starch 
content. 

LeaF.—Within a few hours after 
treatment, the leaves in gross appearance 
were wilted and slightly folded upward 
along the midrib. After 24 hours the 
symptoms were more strongly evident, 
the plants having become dull green in 
color and lying flat to the ground. By 
the fifth day the basal leaves were yel- 








low, and by the tenth day all leaves were 
withered and dead. 

The leaves of untreated plants require 
no special mention, except that palisade 
cells occur on both the dorsal and ventral 
sides of the leaf. Minute grains of starch 
were observed in the chloroplasts. 

Seven days after treatment the cells 
of the mesophyll and of both dorsal and 
ventral palisade layers had largely lost 
their dense contents and had become 
contracted, narrow and irregular in 


TABLE 1 


EFFECT OF 2,4-DICHLOROPHENOXYACETIC ACID 
ON SIZE AND NUMBER OF CELLS IN STEM OF 
BINDWEED, SEVEN DAYS AFTER TREATMENT 





























AVERAGE 
APPROXIMATE 
DIAMETER 
NO. OF ROWS 
OF CELLS 
( ) OF CELLS 
TISSUE . 
caer 
Un- | Treat-| Un- | Treat- 
treated| ed j|treated| ed 
Epidermal layer.....| 21 24 | I | I-2 
ES a eo) ax | pe 
Phloem region...... | 436 ws | 6 | Zo 
Cambial zone.......| 12 12 4 | 3-5 
Internal phloem. .... | ae 12 | 5 8 
PON. ca, Kanes ae | 42 66 | 9 10 
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shape, and plasmolyzed. Chloroplasts 
were somewhat smaller and fewer in 
number than in untreated plants, but no 
reduction in starch content was observed. 
Many newly divided cells were found in 
the phloem region of the principal vascu- 
lar bundles. 

SteM.—The principal gross responses 
of the stem to treatment were arrest in 
development, limpness, and loss of char- 
acteristic twining habit. Within 24 hours 
many climbing stems were hanging loose- 
ly, and others were lying flat to the 
ground. 

The typical stem has a heavily cutin- 
ized epidermis. The cortex consists of a 
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broad band of somewhat flattened cells 
containing scattered latex vessels which 
remain active throughout the life of the 
plant (7). At the inner part of the cortex 
is a conspicuous band of starch-filled 
cells, including the endodermis. Imme- 
diately within the endodermis is an in- 
termittent ring of pericyclic fibers. A 
band of external secondary phloem is 
separated from the xylem by the cam- 
bial zone. The secondary xylem forms a 
complete or almost complete cylinder 
several layers in thickness, immediately 
adjacent to which are numerous islands 
of internal phloem. The two regions are 
separated by an intermittent band of 
internal cambium. 

Response following treatment was 
varied. The epidermal and cortical cells 
were not greatly affected, although some 
cell division occurred in the subepider- 
mal layer (table 1). The endodermal cells 
were activated to some extent, and both 
anticlinal and periclinal divisions were 
observed. The phloem and cambial re- 
gions showed activity within 24 hours of 
treatment, cell division occurring in both 
regions by that time. By 7 days after 
treatment the phloem region had be- 
come greatly activated and had increased 
in radial width 66% (table 1). The pri- 
mary parenchyma had become crushed, 
and the pericyclic fibers were distorted 
and compressed and no longer stood out 
as a distinct ring. The cells of the cam- 
bial zone had also undergone stimulation 
by that time and had formed a multi- 
layered band around the stem approxi- 
mately twice as wide as in untreated 
stems. The mature xylem cells seemed 
not to have been affected. Internal phlo- 
em, however, underwent a change char- 
acteristic of treatment in both stem and 
rhizome. No longer serving as a storage 
region, the areas of phloem became ac- 
tively-dividing tissue. The meristematic 
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cells in these areas, being small, con- 
trasted sharply with the larger paren- 
chymatous cells of the pith, in which 
there was considerable enlargement of 
individual cells but no disorganization of 
the tissue (table 1). 

RHIZOME.—The vertical rhizomes of 
bindweed develop from buds which are 
borne on the extensive horizontal root 
system. They are typically light-colored 
and somewhat woody and contain a 
great deal of storage material. 

The gross response of the rhizome to 
treatment was in marked contrast to 
that of the above-ground parts. Five 
days after treatment, rhizomes were 
spongy, water-soaked, and enlarged to 
twice the diameter of similar portions of 
untreated plants. The outer layers showed 
longitudinal splitting and were easily 
sloughed off. The buds which are borne 
on the rhizomes failed to develop into 
shoots. 

The structure of the typical untreated 
rhizome resembles that of the above- 
ground stem, although there is a much 
greater amount of secondary phloem and 
xylem, and pericyclic fibers are not found 
in the deeply buried portions of the rhi- 
zome (7). Sections cut 1-2 inches below 
the ground level contain only a few scat- 
tered fibers. The xylem is composed of a 
wide and almost continuous ring of large 
vessels, interspersed with small, thick- 
walled cells. 

A considerable amount of starch is 
found in the rhizome, located mainly in 
the inner portion of the cortex. Paren- 
chymatous cells of this region contain an 
abundance of large starch grains. Very 
little starch occurs in the outer portion 
of the cortex. The pith and ray cells con- 
tain a small amount of starch, although 
the individual grains are very small. 

The response to treatment was more 
pronounced in the rhizome than in any 
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other part of the plant (fig. 2). Individu- 
al cells of the periderm layer did not in- 
crease in size, but some cells in the sub- 
epidermal layer divided periclinally, re- 
sulting in a region three to four cells in 
thickness as compared with the 2- to 3- 
celled zone in untreated plants (table 2). 
The periderm, however, was ruptured 
and split in many places. 

The cells of the outer portion of the 
cortex were greatly enlarged (table 2) 
and the walls frequently torn. The re- 
gion increased in width radially from ap- 
proximately 0.35 mm. to 0.60 mm. Peri- 
cyclic fibers, where present, were crushed 
and somewhat displaced. Except for the 
occasional fibers, there was no clear de- 
marcation between the inner portions of 
the cortex and the phloem. 

Starch disappeared gradually from the 
inner part of the cortex following treat- 
ment and had almost completely disap- 
peared within 7 days (fig. 3). The grains 
which remained were clustered around 
the nuclei of the cells (fig. 3C). In some 
cases, however, starch disappeared after 
1 day. This may have been due to the 
rapid action of the chemical, under opti- 
mum conditions. 

Meristematic activity was markedly 
stimulated in the outer phloem and cam- 
bial zone. The phloem region increased 
radially from approximately 0.15 mm. 
to 0.30 mm. in width. A wide band of 
small active cells appeared after treat- 
ment, as shown in figure 2. In material 
collected 7 days after treatment, the cells 
of this entire activated zone contained 
dense cytoplasm and large nuclei, and 
they were easily distinguished from the 
adjacent cortical cells in which nuclei 
were small and often not seen in cross- 
section because of the large size of the 
cells. 

Longitudinally, cells of the activated 
phloem region of treated plants were ar- 
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Fic. 2.—Typical response of rhizome of bindweed to treatment with 2,4-dichlorophenoxyacetic acid, 
showing activated meristematic region (m) external to several-layered cambial zone (ca) and xylem (xy) 
and enlarged cells of cortex (c). 


TABLE 2 
EFFECT OF 2,4-DICHLOROPHENOXYACETIC ACID ON SIZE AND NUMBER OF CELLS AND ON 
RADIAL WIDTHS IN RHIZOME OF BINDWEED, SEVEN DAYS AFTER TREATMENT 


AVERAGE DIAMETER : RADIAL WIDTH 
No. OF ROWS | 
OF CELLS | OF REGION 
( ) OF CELLS (mm ) 
REGION “ . 
Untreated Treated Untreated | Treated | Untreated Treated 
Perdtetm. 2. ....5: 43 43 | 3-5 | 355 | "Orx | 0.15 
SERIE ote hd sas 74 124 | =fo | “orto: | 0.35 fF) 2 6 
Phloem region...... 31 22 | 10-17 18-26 | 0.15 ° 
: f | o | / | 5 | 3 
Xylem vessels. ..... | gg? 520 | 5-6 5-6 | 0.45 | 0.6 
Internal phloem. . . aes 16 10-12 | 8-14 | ou! 0.2 
: | | ‘ 
PRGA x diawise vieseews | 47 68 | 4-5 | 4-6 |) Ones A song 
| | 
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ranged very regularly, and the typical 
long sieve tubes were few. This condition 
might indicate horizontal divisions in 
the phloem similar to those reported in 
Tresine after treatment with indoleacetic 
acid, in which long rows of cells were de- 
rived from a single parent phloem cell (6). 

The internal phloem was also stimu- 
lated. As seen in cross-section, groups of 
phloem cells had formed clearly outlined, 
bulging, dome-shaped areas which de- 
veloped inward, corresponding to similar 
areas in the stem. In the rhizome there 
were usually three main groups and one 
or two smaller ones, but the groups them- 
selves were larger and more pronounced 
than those of the stem, almost complete- 
ly filling the pith region. The pith cells 
immediately adjacent to these areas 
were compressed, so that a distinct layer 
of two or three rows of crushed cells often 
outlined the regions (fig. 4). 

In general, the cells of the rhizome, 
especially those in the activated phloem 
region, were characteristically cytoplas- 
mic and turgid, in sharp contrast to the 
cells of the flowers and leaves, which 
were highly plasmolyzed and vacuolate 
and showed no indication of becoming 
part of an actively dividing tissue. 

Root.—The gross response of the root 
was similar to that of the rhizome but of 
less intensity. The roots increased some- 
what in diameter and became spongy 
and water-soaked in appearance, accom- 
panied by splitting and sloughing off. 

The root has an outer corky tissue 
several layers in width. The root is an 
important storage organ, and the phello- 
derm and cortex comprise the main stor- 
age regions. The cells of the cortex espe- 
cially are filled with many large starch 
grains. Within the cortex is a band of 
secondary phloem which contains many 
latex vessels (7). The xylem forms a 
solid cylinder in the center of the root 
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Fic. 3.—Effect of 2,4-dichlorophenoxyacetic acid 
on starch in rhizome of bindweed: A, portion of 
region in untreated rhizome showing abundance of 
starch grains in cortex and phloem regions. B, com- 
parable area in treated region in which starch has 
entirely disappeared except for minute grains in one 
or two isolated cells. C, detail of cell showing the few 
remaining starch grains clustered around the nu- 
cleus. 
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and is composed of large vessels and 
many tracheids. 

Histological changes in the main hori- 
zontal roots, 14 inches below the surface 
of the soil, were evident 7 days after 
treatment but were relatively small in 
comparison with changes in other por- 
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It is possible that activity in the roots 
would have continued for some time 
after the date of collection. 


Sow THISTLE 


Sow thistle is a perennial weed repro- 
ducing by means of seeds and creeping 


Fic. 4.—Detail of rhizome of bindweed treated with 2,4-dichlorophenoxyacetic acid, showing central re- 
gion in which localized activity of internal phloem (im) has occurred, causing crushing in pith (97). 


tions of the plant. By that time the small 
parenchymatous cells near the large 
xylem vessels had divided, the cambial 
zone had become active, and the starch 


in nearby cells had partially disappeared. 


roots. The horizontal roots, brittle and 
yellowish, grow in the upper 2-4 inches 
of the soil. A few thickened vertical roots 
may penetrate 5-10 feet. The rhizomes 
develop from buds on the horizontal 
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roots and terminate in rosettes of light 
green leaves at the ground level. 

The gross responses to treatment were 
rapid. Within 24 hours the leaves had 
become lighter green in color and slightly 
wilted. Two days after treatment the 
younger leaves were severely twisted and 
curled. After 10 days the outer leaves 
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RuIzoME.—The typical rhizome is 
composed largely of parenchymatous 
cells (fig. 5B). At a point 1 inch below 
the crown of the plant, where sections 
were made, the periderm layer is three to 
four cells wide. The cortex is a narrow 
band of parenchyma, eight to twelve 
cells in width, containing a few scattered 





Fic. 5.—Typical response of rhizome of sow thistle to treatment with 2,4-dichlorophenoxyacetic acid: 
A, rhizome showing increase of cortex (c) to several times usual size, due to cell enlargement; formation of 
secondary periderm (pe) in cortex; and loss of identity of strands of secondary phloem in activated region 
(m) within intermittent ring of compressed latex vessels and endodermis. B, rhizome from untreated plant, 
showing relatively small cortex (c) and distinct radial strands of xylem and phloem. 


were progressively lighter green and de- 
cidedly wilted, while the central leaves 
showed extreme curvature. The bases of 
the inner leaves were enlarged and flat- 
tened, resembling the petioles of celery. 
The most conspicuous response was the 
large increase in diameter of the rhi- 
zome, ranging from 50% to 300%. All 
underground parts were soft and spongy 
and exhibited marked splitting of the 
outer regions. Entire plants were dead 2 
weeks after treatment. 


latex vessels. The endodermis, pericycle, 
and phloem region together constitute 
approximately one-fourth of the radius 
of the rhizome. The endodermis is inter- 
mittent and indefinite, so that the paren- 
chyma of the inner region appears to be 
continuous with that of the cortex. Dif- 
ferentiated phloem occurs in narrow 
radial strands separated from one an- 
other by relatively broad bands of paren- 
chyma. Lactiferous ducts and groups of 
medullary phloem which are in close con- 
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junction are scattered throughout the 
region. The xylem: constitutes nearly 
one-third of the radial diameter and, like 
the phloem, occurs in radial strands be- 
tween which are broad bands of paren- 
chyma. The pith is relatively small, being 
approximately one-fifth the radius of the 
rhizome. 

There was much disorganization in 
most of the tissues of the rhizome, owing 
both to an increase in, and stimulation 
of, cellular activity and to the enlarge- 
ment of cells (fig. 5A). The periderm was 
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less degree than in the cortex. The re- 
gions increased in radial width from 0.5 
mm. to o.8-1.0 mm. In the outer part of 
the phloem region many cells had doubled 
in diameter, and the latex cells tended to 
become indefinite in form. Toward the 
inner part of the region there was much 
cell division but no pronounced cell en- 
largement. The greatly increased activity 
of the cambial zone and phloem region 
resulted in a disorganized mass of divid- 
ing tissue, and the identity of the radial 
strands of phloem was completely lost. 


TABLE 3 


EFFECT OF 2,4-DICHLOROPHENOXYACETIC ACID ON SIZE AND NUMBER OF CELLS AND ON 
RADIAL WIDTHS IN RHIZOME OF SOW THISTLE, NINE DAYS AFTER TREATMENT 


AVERAGE DIAMETER 
OF CELLS 
(wu) 
REGION 


| Untreated Treated 
Periderm........:.| 62 | 68 
Sic ee 58 128 
Pericycle and phloem | | 
PEI one a8 5 oror 21 | 17-54 
Cambial zone...... .| 20 | 16 
Xylem vessels. ..... 169 | 135 
ne 55 58 


ruptured in many places, and cells of the 
cortex were greatly enlarged, especially 
in a radial direction, to two to ten times 
the usual width (table 3). Individual 
cells occasionally measured approximate- 
ly 200 X 300 uw, as compared with ap- 
proximately 20 X 50 u in an untreated 
plant. The cortical region as a whole in- 
creased in width from approximately o.2 
mm. to o.g-1.4 mm. The resulting in- 
creased size of the cortex became the 
most conspicuous feature of treated 
plants. Secondary periderm layers were 
occasionally formed in the disorganized 
cortex. ‘ 

Cells of the pericyclic and phloem re- 
gions were distorted, although to a much 


RADIAL WIDTH 
OF REGION 
(mm.) 


| 
No. OF ROWS 
OF CELLS 


| _ 
Untreated | Treated | Untreated Treated 
ae | om —_— — | —______— — 
3-6 | a a i Se | o.! 
8-12 | 10-12 , ‘eos | O.Q-1.4 
| 
| 
18-22 | 26 tess | 0.8-1.0 
3-4 | ss | 0.15-0.2 | 0.25 
| : | 
16-20 | Ig-20 | 0.5 } 0.4 
8-10 | 8-10 0.5 | 0.6 


Many lateral roots observed in treated 
material may have been initiated by the 
treatment. The pith was relatively less 
affected than other portions of the rhi- 
zome, although there was occasional rup- 
turing of the tissue. 

STARCH.—A striking and characteris- 
tic response to treatment was the disap- 
pearance of starch grains in portions of 
the flower, stem, rhizome, and root. With 
the exception of the flower, starch disap- 
pearance was correlated with new growth 
of cells. Starch grains were fissured, an- 
gular, and smaller in size in storage cells 
nearest the regions of stimulated activity. 
In the flower, starch disappeared from 
the petals, anthers, and ovary in the ab- 
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sence of cell division, although its disap- 
pearance may have been correlated with 
the development of tissues along other 
lines. The leaves did not show pronounced 
acceleration of starch digestion after 
treatment, although the chlorotic ap- 
pearance of the leaves indicated that the 
function of the chloroplasts had been im- 
paired. 

Since treatment in most instances pro- 
moted the disappearance of starch from 
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taka-diastase. A temperature of 25° C. 
was maintained during the experiment. 
The color change in each test tube was 
recorded with a Lovibond colorimeter at 
I-minute intervals up to 10 minutes. 
The results given in table 4 fail to 
show any acceleration of starch hydroly- 
sis with the acid beyond the normal rate 
of hydrolysis of the control. On the con- 
trary, at 100 mg./l, and especially at 
1000 mg./1, there was marked inhibition 


TABLE 4 
EFFECT OF VARIOUS CONCENTRATIONS OF 2,4-DICHLOROPHENOXYACETIC ACID ON HYDROLYSIS OI 
STARCH WITH TAKA-DIASTASE, AS MEASURED BY LOVIBOND COLORIMETER. LOSS 
OF COLOR* INDICATES HYDROLYSIS OF STARCH 


NO. OF MINUTES AFTER INTRODUCTION OF TAKA-DIASTASE 
CONCENTRATION COLOR 
° I 2 3 4 5 C 7 5 9 I 
P 

Control Red 3.2 £59 2.9 2.4 2.2 1.8 a7 1.5 a r3 1.2 
Blue 5.0 4.5 2 3.4 2.2 4:4 2.5 2.4 2.2 2.0 1.9 

1 mg./I Red 3.0 2.8 2.2:|. 3:0 t.7 1.4 1.4 1.4 1.2 A 1.0 
| Blue 5.8 4.8 3.8 a4 3.1 3.1 29 o.3 2.9 2:4 2.1 

10 mg./] Red 2.6 2.4 2.3 2.1 1.9 1.8 1.4 1.3 23 1.2 ?.a 
Blue 4.6 4.3 3.8 3.5 3.4 3.0 2.9 2.6 2.6 2.2 2.2 

100 mg./] Red 2.2 3.1 Tay BA 214 4.1 a1 1.5 1.4 1.4 1.4 
Blue 5-4 5.0 4.8 2 ay 3.3 +. 2 3.1 3.0 2.9 2.9 

1000 mg./] Red 3.2 ce 4:2 aia “cg 4.2 I 27 3.1 3.1 ae 
Blue 5.§ 5-3 5.2 Lee S34 5.2 5.1 ae 5.0 4.9 4.7 


* Numbers indicate intensity of color. 


the cells of living plants, tests were made 
of the effect of 2,4-dichlorophenoxyacetic 
acid on starch in vitro. For this purpose, 
1% starch solution was prepared with 
Argo cornstarch. Ten cubic centimeters 
of the solution was placed in each of five 
test tubes: one remained as a control, 
while the acid was added to each of the 
other four in concentrations of 1 mg./I, 
10 mg./l, 100 mg./l, and 1000 mg./I. 
One-tenth cubic centimeter of iodine so- 
lution (0.3% iodine and 1% potassium 
iodide) was added to each test tube. This 
was followed by 5 cc. of a 1% solution of 





of hydrolysis. This same reaction might 
not necessarily occur in the plant, how- 
ever, as there are many other factors in- 
volved in plant processes. 


Discussion 

Many of the responses induced by the 
action of 2,4-dichlorophenoxyacetic acid 
on bindweed and sow thistle resemble 
those reported by Kraus ef al. with in- 
doleacetic acid on bean (8). This acid, 
however, produces a much greater effect 
in more dilute concentrations, and it also 
produces a marked response at some dis- 
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tance from the point of application, trav- 
eling a considerable distance in the un- 
derground system. The distance that the 
acid travels is important, since regenera- 
tion of the plant may occur from under- 
ground buds if these are not injured. 

The primary object of the present 
study was to determine the histological 
changes which accompanied death of 
bindweed and sow thistle following treat- 
ment with 2,4-dichlorophenoxyacetic 
acid and to attempt to correlate these 
changes with the death of the plants. 

In the case of bindweed, the efféct of 
the acid on immature pollen grains and 
on developing tissues of the ovule be- 
comes important, in view of the propaga- 
tion of the plant by seeds. When 95% of 
the pollen becomes functionless, the 
probability of fertilization is greatly re- 
duced, the arrested floral development 
precluding the development of seeds. 

The chlorotic appearance of the sprayed 
leaves suggests that the manufacture of 
chlorophyll in the chloroplasts is im- 
paired, and the division of phloem cells 
of the larger vascular bundles of the leaf 
suggests a possible disturbance in the 
normal movement of food from the leaf. 

Increased cell division, which was an 
early symptom of response, especially in 
the rhizome, occurred first and was great- 
est near the large xylem vessels. This 
fact might indicate that the acid or some 
substance stimulated by it was trans- 
ported through the plant in these vessels. 
As in the leaf, the phloem of stem and 
rhizome—being in close proximity to the 
xylem elements—underwent marked 
stimulation, which might easily result 
in a major disturbance in the transfer of 
food. Such a condition would be of vital 
importance to the life of the underground 
regions, where no food js manufactured. 

An increase in meristematic activity 
also indicates an increase in the rate of 
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respiration and the further depletion of 
reserves, which has been shown to be an 
important factor in weed control (1, 10). 

The enlargement and proliferation of 
cells in the rhizome were accompanied by 
disorganization and rupturing of cells 
and tissues. The tearing of the epidermis 
and periderm in many places provided 
an easy means of entry for fungi and bac- 
teria. Since starch was found to disap- 
pear from many regions, there is the pos- 
sibility of an increase in available sugars, 
which would be favorable to the growth 
of organisms and to the final decay and 
disintegration of the plants. 

In a general sense, the changes in the 
rhizome of sow thistle were not un- 
like those in the rhizome of bindweed. 
The greatly increased cell division in the 
phloem and cambial regions and the 
marked increase in size of cells of the 
cortex resulted in disorganization and 
rupturing of cells and tissues, which not 
only markedly alter the appearance but 
also upset the normal functions of the 
plant, and so offer opportunity for mi- 
crodrganisms to bring about disintegra- 
tion and decay. 


Summary 


1. Bindweed and sow thistle were 
treated with aqueous sprays of 2,4-di- 
chlorophenoxyacetic acid at 1000 p.p.m. 
in 0.5% Carbowax 1500, applied during 
midsummer while the plants were grow- 
ing vigorously. The responses of the 
plants were studied and the tissues ex- 
amined to correlate histological changes 
with the death of the plants. 

2. In bindweed, pollen grains were 
plasmolyzed and disorganized, flowers 
were arrested in development, chloro- 
phyll formation was checked, and cell 
division was activated in the large vascu- 
lar bundles of the leaves. The majority of 
the cells in the leaves were plasmolyzed. 
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3. Cell division was greatly increased 
in all cambial zones and phloem regions 
of the stem and rhizome of bindweed. 
Enlargement and rupture of cortical cells 
of the rhizome were conspicuous fea- 
tures. 

4. The root of bindweed responded 
more slowly to treatment than did other 
parts of the plant, so that changes which 
had occurred 7 days after treatment were 
of less intensity than in the rhizome but 
similar in nature. 

5. Starch disappeared from almost all 
parts of the flower of bindweed, but very 
little hydrolysis of starch occurred in the 
chloroplasts of the leaves. Disappearance 
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of starch from the endodermis of the stem 
and the inner cortex of the rhizome and 
root was correlated with active cell divi- 
sion in the phloem region of those por- 
tions of the plant. 

6. In the rhizome of sow thistle, cells 
of the cortex were greatly enlarged and 
frequently torn. The periderm was rup- 
tured, and disorganized large-scale cell 
division occurred in the cambial zone and 
phloem regions. 

7. Starch hydrolysis was inhibited in 
vitro by the action of the acid. 

NEw YorK STATE AGRICULTURAL 


EXPERIMENT STATION, CORNELL UNIVERSITY 
GENEVA, NEW YORK 
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DEVELOPMENT OF SPORE-FORMS AND THE NUCLEAR CYCLE 
IN THE AUTOECIOUS OPSIS RUST, 


CYSTOPSORA OLEAE 


M. J. THIRUMALACHAR 


Introduction 

The principal diagnostic characters of 
the genus Cystopsera, founded by But- 
LER (g) to accommodate the rust on Olea 
dioica Roxb., are the occurrence of basal 
cells or cysts in the telia and the germina- 
tion of the teliospores without a rest pe- 
riod. The telia are superstomal, and the 
teliospores—which germinate in situ— 
form a semi-internal, 2-celled promyceli- 
um, each promycelial cell bearing a ses- 
sile sporidium. BUTLER found a few aecia 
associated with the telia, and he tenta- 
tively interpreted them as the aecial 
stage of the rust. AJREKAR (1), who car- 
ried out infection tests, confirmed the 
interpretation of BUTLER and showed 
that the rust is an autoecious opsis form. 
Cystopsora oleae Buti. has been reported 
from Ceylon by PEtcu (21) on Olea poly- 
gama Wight, and Sypow (24) has recent- 
ly established a second species, C. nota- 
laeae, on Notalaea longifolia Vent. from 
Australia. 

Abundant living material of this rust 
became available in 1940 at the Coffee 
Experiment Station, Balehonnur, My- 
sore State, and a careful examination of 
it showed that the promycelia, instead of 
being 2-celled, were in fact 4-celled. This 
provided the stimulus for undertaking a 
detailed study in order to follow the vari- 
ous nuclear phases of the species. The in- 
vestigation has revealed that not only 
are the promycelia 4-celled, but that the 
sequence of life cycles is very unusual. In 
fact, the type of development is so re- 
markable, and so much at variance with 
accepted concepts regarding the function 
and the sequence of the various spore- 


forms, that it has been considered worth 
while to place on record all the various 
carefully made observations in the course 
of this investigation. Opportunity has 
also been taken to emend the diagnosis of 
the genus and the species, to conform to 
the new facts now brought to light. 

Meruops.—Material for the study 
was fixed in three fluids—Bouin’s as 
modified by Allen, Craf, and 2BD. 
Heidenhain’s iron-alum haematoxylin 
with eosin in clove oil was generally em- 
ployed for staining the spores; but for 
critical studies, especially when the nu- 
clear phase of the mycelium and of the 
spores had to be confirmed, Feulgen’s 
stain was used. Delafield’s haematoxylin 
and safranin combinations were em- 
ployed with good effect for studying the 
pathological anatomy. 


Observations 
SPORE-FORMS 


The rust occurs on the host through- 
out the year in one or the other spore- 
form. Pycnia and aecia are distributed 
on the leaves and tender shoots, which 
become much hypertrophied. When the 
axillary buds are infected, especially 
their meristem, large ‘‘witches’ brooms” 
studded with pustules are formed. On 
their being shaken, clouds of aeciospores 
are shed. Later the witches’ brooms dry 
up but the mycelium perennates in the 
basal region. When fresh growth takes 
place, the newer outgrowths are com- 
pletely covered with the sori. 

Pycnra.—These are subepidermal] and 
flask-shaped, with well-developed ostio- 











i 





















¥) 
re- ays Deets RY 
ed A pe CAs 
ch Mg VE WWW ‘ 
TH) siesg- 
he y eg SS 5 ide) 
lly ‘ 
3” 
Jn 
res 
ry 
he 
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teliospores. Fig. 6, development of teliospores in clusters. Fig. 7, 2-celled promycelium. Fig. 8, germinating 
teliospore with sessile sporidia. 


Fig. 9, differentiation of pycnium and aecium from same plectenchyma. 
oi Fig. 10, binucleate sporidia. 
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Fics. 11-16.—Fig. 11, coalescing pycnia. Fig. 12, coalescence of superposed pycnia. Fig. 13, abstriction 
of aeciospores from basal cells beneath pycnium. Fig. 14, development of plectenchyma within pycnium. 
Fig. 15, subepidermal pycnia. Fig. 16, binucleate pycnial hyphae and basal cells. 
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lar filaments (fig. 15). They are amphig- 
enous and can be differentiated from 
the aecia by their orange-yellow color. 
They occur in abundance, both on the 
leaves and on the hypertrophied portions 
of the witches’ brooms but are soon dis- 
placed by the aecia. When two pycnia oc- 
cur close together, they coalesce (fig. 11), 
and in some cases they may even become 
superposed in such a manner that the 
ostiole of the lower pycnium fuses with 
the basal region of the one above, result- 
ing in the formation of a continuous 
chamber (fig. 12). In such cases the sper- 
matia from both pycnia emerge through 
a common ostiole. 

Arcta.——These are amphigenous, 
erumpent, and cupulate. They are yel- 
low, in contrast to the orange-yellow 
color of the pycnia. No peridium sur- 
rounds them. The aeciospore chains, like 
the pycniosporophores, converge toward 
the center, however, rather than form 
vertical rows (fig. 21). This type of for- 
mation of aeciospore chains has evidently 
eliminated the necessity of a peridial 
wall. When in close proximity, the aecia 
may also coalesce, and the fusion of aecial 
cups that are superposed has been noted 
(fig. 27). Aeciospores are yellow, binu- 
cleate, ovate-elliptic to fusiform, deeply 
angular, with distinct germ pores. The 
germ pores become rather prominent at 
the time of germination. Their exospore is 
sculptured with reticulations which be- 
come distinct when the spores are mount- 
ed in plain agar. They can be germinated 
without difficulty and stained by the 
method suggested by the writer (26). 

TeL1A.—The telia are hypophyllous, 
pulverulent, and sparsely distributed on 
the undersurface of the leaves. When 
close together they also coalesce, forming 
concentric rings. They emerge through 
the stomatal aperture (figs. 1, 5), but the 
infection patches are not hypertrophied. 
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The hyphae passing out of the stoma are 
distinctly separate (fig. 2), and this fea- 
ture is observable in the early stages. The 
tip of the emerging hypha becomes 
rounded off, and a binucleate spore initial 
is cut off from which the stalk cell and 
the teliospore initials are fashioned. By 
repeated division the basal cell forms suc- 
cessive spore initials, which in turn form 
more stalk cells and teliospores (fig. 6). 
The teliospores are therefore formed in 
basipetal succession by the activity of a 
single generative cell. When a branch is 
separated by manipulation under the 
microscope, clusters of spores at different 
stages of maturity and attached to the 
basal generative cell can be clearly ob- 
served. In a mature telium the basal cell 
becomes expanded, forming a discoid 
apex. It is manifest that BUTLER mistook 
the fascicular basal cells for cysts and, 
on this basis, discussed the affinities of 
the genus Cystopsora with Ravenelia, 
Uromycladium, and others where the de- 
velopment of cysts is a well-established 
character. In fact, the structure referred 
to by BUTLER is the discoid basal genera- 
tive cell. In this respect the genus shows 
affinity toward Chaconia or Scopella— 
genera in which the teliospores develop 
in clusters from laterally free generative 
cells. The young teliospores are binu- 
cleate, but later a syncaryon is formed 
(fig. 17). The mature teliospores are 
minutely verrucose and very much thick- 
ened, but only over the distal two-thirds 
of their circumference. The proximal 
third is smooth and thin, and the stalk 
is inserted into the thin portion—usually 
laterally. 


GERMINATION 


The teliospores germinate within the 
telium as soon as they are mature and 
while still attached. There is no germ 
pore, but the proximal thin-walled por- 





Fics. 17~-22.—Fig. 17, mature teliospores with syncaryon nucleus. Figs. 18, 19, germinating teliospores 
showing position of pedicel. Fig. 20, plectenchyma replacing pycnosporophores within pycnium. Fig. 21, 
aecium. Fig. 22, pycnium in margin of aecial cup. 
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tion grows out into a blunt process. The 
promycelium grows by the side of the 
stalk, usually bent at an angle, and its 
contents develop a slightly orange tint. 
The first wall is cut off within the telio- 
spore itself, and in most of the cases—as 
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found that, while the 4-celled promy- 
celium is the rule in Cystopsora (fig. 8), 
a 2-celled promycelium also occurs (fig. 
7). Examination of the type material of 
Cystopsora oleae deposited in the Her- 
barium Cryptogamie Indiae Orientalis 





Fics. 23-28. 


torium within host cell. 


the vromycelium elongates—it carries 
along with it the stalk also (fig. 19). In 
later stages the stalk can be seen at- 
tached to the second or the third promy- 
celial cell. BUTLER stated that the 2-celled 
promycelium is the most distinguishing 
feature of this rust; but it has now been 


Fig. 23, aecial plectenchyma. Fig. 2 
penetration of cuticle by germ tube of aeciospores. Fig. 27, coalescence of superposed aecia. Fig. 28, haus- 


4, aeciospores. Fig. 25, aeciospore germination. Fig. 26, 


revealed that in most of the teliospores 
in the material collected at Khandala by 
CHIBBER, and at Belgaum by AJREKAR, 
the teliospores had germinated by form- 
ing a 2-celled promycelium, but a few 
4-celled promycelia have now been dis- 
covered by careful examination. CHIB- 
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BER collected in July, 1909; but a second 
collection made in the same locality in 
December, 1941, by Rev. H. SANTAPAU 
had equal numbers of 2-celled and 
4-celled promycelia. In the collections 
made by the writer in Mysore, 4-celled 
ones have always predominated. The 
2-celled promycelial condition is appar- 
ently due to the failure of cross-wall for- 
mation, but the exact factors which have 
led to such a failure are not exactly un- 
derstood. In the closely allied monotypic 
genus Zaghouania, in which the promy- 
celia are as a rule 4-celled, DreTeL (11) 
reports that 2-celled promycelia also oc- 
cur when conditions are not very favor- 
able. 


CYTOLOGY 


Each young teliospore has one pair of 
conjugate nuclei, but the two nuclei fuse 
and form a syncaryon in mature spores. 
As the promycelial initial begins to de- 
velop, the syncaryon moves into the 
promycelium (fig. 3) and undergoes two 
successive divisions accompanied by wall 
formation, ultimately resulting 
4-celled promycelium, each cell of which 
has a single nucleus (fig. 4). The sporidia 
are somewhat thick-walled, with orange- 
colored contents. They do not germinate 
in situ. While each of the promycelial 
cells is uninucleate, all the sporidia ob- 
served had two nuclei (fig. 10). Hundreds 
of preparations have been examined, and 
while the exact dividing process of the 
sporidial nucleus has not been observed, 
there is no doubt about the binucleate 
condition of the sporidia. As far as the 
observations of the writer go, the myceli- 
um bearing the pycnia, aecia, and telia 
has been found to be binucleate. The 
uninucleate condition has been observed 
only in the mature teliospore after the 
syncaryon has formed in the 4-celled 
promycelium and in the pycniospores. 


in a 
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There appears to be, therefore, sufficient 
justification for considering the binu- 
cleate condition in the sporidium and 
subsequently in the mycelium as the 
diplophase. 

Precocious division of the nucleus in 
the sporidium has been observed by 
others. In Puccinia malvacearum Bert., 
ASHWORTH (3), ALLEN (2), and SAVILE 
(23) have shown that the sporidium nu- 
cleus divides before germination of the 
spore; and the same appears to be true, 
according to SAvILE, in Uromyces les- 
pedezae-procumbentis (Schw.) Curt. and 
Melampsora bigelowit Thuemen. SAVILE 
even found a quadrinucleate sporidium 
in the former species. The binucleate 
sporidia of Puccinia malvacearum give 
rise on germination to a uninucleate my- 
celium, but binucleate cells again appear 
during the development of the sorus 
plexus. The sporidia of Endophyllum 
sempervivi (Alb. & Schw.) de Bary are 
likewise binucleate, and ASHworRTH (4) 
suggests that, as the nuclei have to pass 
(while penetrating the host) through a 
small aperture, it is easier for two smaller 
nuclei rather than one large nucleus to do 
so; if in such a process one gets damaged, 
the other carries on the development. But 
in these rusts the binucleate hyphae later 
become uninucleate. This, however, is 
not the case in Cystopsora oleae. Division 
of the nucleus takes place even before the 
sporidium has started to germinate, and 
the persistence of this binucleate condi- 
tion becomes manifest in the pycnial 
initials and the hyphae composing them 
(fig. 16). 

Experiments on infection were con- 
ducted in order to follow the subsequent 
history of the nuclei. Young leaves of 
Olea dioica were sprayed with water and 
dusted with sporidia and the plants 
placed in a moist chamber. Bits of inocu- 
lated leaves were fixed at intervals of 
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8 hours for 3 days and then sectioned and 
stained in the usual manner. It was noted 
that the germ tubes from the sporidia 
penetrate the host cells through the cuti- 
cle and ramify in the intercellular spaces. 
In early stages they remain multinu- 
cleate without the formation of septa, 
and as many as thirty nuclei have been 
counted in a hypha at some distance from 
the tip. As development proceeds, the 
nuclei become grouped in pairs or fours 
and are later separated by septa. This 
type of development has been observed 
by HirMErR (16) in Psalliota campestris 
(L.) Fries. The pycnial mycelium, while 
showing binucleate hyphae for the most 
part, consists of multinucleate cells also. 
The pycnial initials are subepidermal and 
concentrated in the intercellular spaces. 

A situation more or less akin to this 
occurs in Puccinia arenariae (Schum.) 
Winter, which was investigated by 
LINDFORS (20), an account of which is 
given by Jackson (17). In this rust the 
two nuclei fuse in the usual way and the 
fusion nucleus passes into the promy- 
celilum, where it divides, the division 
being followed by a cross-wall formation 
between the daughter nuclei. But when 
the nuclei divide again no cross walls are 
formed, so that the promycelium is 
2-celled, each cell having two nuclei. 
Later the two nuclei pass into the sporidi- 
um, which is throughout binucleate, so 
that the diplophase is initiated by the 
failure to form cross walls in the promy- 
celium. 

But in both Puccinia malvacearum and 
P. arenariasz—the forms in which the 
diplophase {s initiated in the sporidium 
itseli—there is no pycnium formation. 
According to JACKSON (17) the pycnia 
always develop on the haploid thallus, 
the pycniospores being uninucleate. They 
are always present in the eu-forms, 
whether heteroecious or autoecious; how- 
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ever, they are likely to be absent in 
opsis forms that appear to be transitional 
in character. In a great majority of mi- 
croforms they are stated to be absent, 
especially in those with a predominantly 
binucleate mycelium. 

The presence of well-developed pycnia 
on what in fact is a diploid mycelium in 
Cystopsora oleae is therefore a phenome- 
non at variance with accepted concepts. 
JACKSON (17) is of the opinion that the 
presence of: pycnia indicates that the 
rust is heterothallic and that the absence 
or under-development of pycnia would 
indicate that the rust is homothallic. 
Brown (5), who showed that Puccinia 
coronata elaeagni Fraser & Ledingham 
produces abortive pycnia occasionally 
and that P. grindeliae Peck produces 
them only on one of its hosts, holds the 
same view. Even though monosporidial 
infection experiments have not been car- 
ried out on Cystopsora oleae, the initia- 
tion of the diplophase in the sporidium 
indicates that this rust is also homo- 
thallic. The pycnium has, since the clas- 
sical work of CRAIGIE (10), been inter- 
preted as a structure having to do with 
sexuality in rusts. In homothallic micro- 
cyclic forms, JACKSON (18) states that 
the pycniospores may no longer be func- 
tional. That may be the case in C. oleae, 
but the formation of these structures on 
a diploid mycelium suggests that the 
sexual function is not a necessary attri- 
bute of the pycnium. 

In a previous paper, the writer (25) 
has reported the occurrence of aecio- 
spores and teliospores within the pycnial 
cups of Uromyces hobsoni Vize. Accord- 
ing to JACKSON (17), the potentiality is 
genetically present for any given species 
for the immediate production of any 
spore-form which occurs in its life history 
as soon as the change from the haploid 
to the diploid phase has taken place, 
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since such forms are sooner or later pro- 
duced by the mycelia descended from 
the fusion cells. Occurrence of aecio- 
spores and teliospores in the pycnia of 
U. hobsoni is thus clear, for the mycelium 
had entered the diplophase in the sporidi- 
um itself. In Cystopsora oleae the forma- 
tion of aeciospores in the pycnial cups 
has also been noted (figs. 13, 14, 15). In 
young pycnia each basal cell possesses 
two large nuclei of the expanded type, as 
classified by SAVILE (23), and from such 
cells aeciospores are abstricted in chains 
of two or three into the cavity of the 
pycnium. Later, in many cases the basal 
cells (other than those that have en- 
larged) multiply actively, grow into the 
cavity of the pycnium, and gradually dis- 
place the pycniosporophores (figs. 14, 
20). Various stages in the development 
of this plectenchyma have been ob- 
served. In some cases only the ostiole and 
a few pycniosporophores remained in 
the original pycnium, while in others the 
entire contents became displaced. 

While observing the development of 
the aecia, the development of a small 
pycnium from the hyphae lining the 
margin of the aecium has been noted 
(fig. 22). In another instance both the 
pycnium and the aecium were seen to 
differentiate from the same _plecten- 
chyma mass, part of the initial having 
formed the pycnium and part the aecium 
(fig. 9). Such a mode of development is to 
be expected, as the mycelium resulting 
from the sporidia is already diploid. 

In the rusts that have so far been in- 
vestigated—such as Puccinia arenariae, P. 
anemones-virginianae, and P. heuchariae 
—JAcKSON (18) states that the diplo- 
phase is initiated in the sporidium itself 
but the promycelium is 2-celled owing to 
the failure to form cross walls. Such a 
failure occurs also in Cystopsora oleae, for 
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the collections of rusts made at Khandala 
and Belgaum and studied by BUTLER (9) 
had a majority of promycelia with two 
cells. The rust is apparently in an unsta- 
ble condition; and instead of a 4-celled 
promycelium, with the consequent neces- 
sity for a third division of the nucleus in 
the sporidium, it is probably tending to 
develop 2-celled promycelia, so that only 
two divisions of the syncaryon suffice. 
Rather than a case of arrested develop- 
ment, the 2-celled promycelium may be 
an advance suited to the peculiar nuclear 
history of this rust. 

The two nuclei in the sporidium which 
are evidently conjugate nuclei are held 
by Jackson (18) to be chromosomally 
alike. But they should be considered as 
having sexually differing potentialities, 
and BULLER (7) suggests that such nu- 
clei have a mixed sex tendency, basing 
this view on the work of HANNa (13, 14), 
HARDER (15), and Sass (22). 


I-XPERIMENTS ON INFECTION 


Experiments carried out to confirm 
the autoecious nature of the rust, which 
had already been established by AJREKAR 
(1), would not call for particular mention 
but for the fact that further complexities 
in the life cycle have been encountered. 

For these experiments, test plants 
were grown in pots under rust-free con- 
ditions. Young leaves were sprayed with 
water and then inoculated with fresh 
sporidia and the plants placed in moist 
chambers. Infection spots became visible 
on the fourth day as dark green specks 
on the pinkish leaves. With the gradual 
enlarging of the spots the infected por- 
tions became hypertrophied, resulting in 
a malformed condition of the leaves. 
Pycnia were seen on the tenth day as 
orange-colored specks, and young aecia 
became visible on the infection spot 13 
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days after infection, masses of aecio- 
spores beginning to erupt after rupture 
of the epidermis. 

When aeciospores became available, 
young leaves of the host plant were 
sprayed with water, dusted with aecio- 
spores, and placed in a moist chamber 
for 48 hours. As with the sporidial infec- 
tion, the spot became visible on the 
fourth day and spread into a hyper- 
trophied patch. The first spore-form to 
develop on this malformed structure was 

strangely enough—a pycnium, which 
later became displaced by the aecium. 
The aeciospores from aecia produced by 
secondary infection were collected and 
again used for infecting young leaves of 
Olea dioica. The same symptoms became 
manifest, and pycnia were again pro- 
duced as with the first spore-form, these 
later becoming displaced by the aecia. 
Such a series of tests with aeciospores of 
the previous generation was continued 
up to six generations, with identical re- 
sults. 

It is manifest that the aeciospores of 
Cystopsora oleae have assumed the role 
of sporidia, in that they develop pycnia 
on infecting young leaves of Olea dioica. 
The aeciospores never germinate by the 
formation of sporidia as in some of the 
microcyclic rusts that have been investi- 
gated. In Endophyllum sempervivi, for 
instance, the aeciospores always germi- 
nate by the formation of a promycelium 
with basidiospores and are usually 
termed telioid aeciospores. In Kunkelia 
nitens (Schw.) Arth., DopGE (12) point- 
ed out that normal aeciospores and te- 
lioid aeciospores are associated within 
the same sorus. In Gymnoconia intersti- 
tialis Lagerh., on the other hand, where 
normal two-celled teliospores also occur, 
KUNKEL (19) pointed out that the aecio- 
spores in certain seasons germinate by 





the formation of a promycelium with 
basidiospores. 

Recently, BRown (6) has shown that 
when the urediospores of Puccinia minus- 
sensis Thuemen are sown on seedlings of 
Lactuca pulchella, secondary uredia de- 
velop in abundance but the infection 
later becomes gradually systemic and 
spreads toward the base, into the 
rhizome. When these rhizomes are re- 
moved and replanted in pots, the emerg- 
ing shoots are studded with pycnia. 
BROWN has shown, however, that a de- 
diploidization of the diploid mycelium 
takes place, resulting in the formation of 
haploid pycnia and haploid protoaecia. 
The same phenomenon has been demon- 
strated in Puccinia suaveolens (Pers.) 
Rostrup by BULLER and Brown (8). 
BuLLER therefore concludes that in rust 
fungi with systemic mycelia that peren- 
nate in the subterranean organs of her- 
baceous hosts, de-diploidization of the 
diploid mycelium takes place annually. 

Evidence of such de-diploidization has 
not been seen in Cystopsora oleae, for 
even the pycnial initials are binucleate, 
and a haploid mycelium has not—as al- 
ready stated—been observed in the nu- 
merous preparations examined. 

The experiments on infection have 
been carried out at different times of the 
year, using aeciospores, and it is beyond 
doubt that young leaves, irrespective of 
the season, invariably develop pycnia as 
the first spore-form, followed by aecia. 
It was thought that telia which do occur 
on the host plant in nature are formed by 
the infection of mature leaves. Experi- 
ments on a large scale were therefore un- 
dertaken, and mature leaves of Olea 
dioica were sprayed with water and dust- 
ed with aeciospores on the undersurface. 
The inoculated plants were placed in 
moist chambers for 48 hours and later re- 
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moved to a greenhouse for observation. 
There were no visible signs of infection 
for 65 days, but yellow specks began to 
appear on the undersurface on the sixty- 
sixth day, gradually developing into cir- 
cular orange-yellow spots. Emergence of 
the sporogenous tissue and development 
of the telia and teliospores were observed 
after eighty days. Repeated experiments 
with mature leaves in the manner just 
described have given confirmatory re- 
sults. 

It is manifest that the spore-forms 
which develop as a result of aeciospore 
infection are determined by the maturity 
of the leaves. On younger leaves the aeci- 
ospores assume the role of sporidia, with- 
out forming a promycelium, however, 
and later assume the role of normal aecio- 
spores on older, mature leaves. To deter- 
mine the stage at which the aeciospores 
produce telia, a small shoot on a potted 
plant was selected for experiment. Leaves 
developing in acropetal succession were 
infected with aeciospores in the usual 
manner and the plant kept in a moist 
chamber. The youngest leaves at the top 
formed infection spots in 6 days. These 
became hypertrophied, and pycnia and 
aecia were formed in due course. The 
oldest leaves at the base showed no signs 
of infection, even on the fiftieth day, but 
the leaves midway showed an interesting 
type of development. Some of them de- 
veloped swollen infection spots with 
pycnia and aecia, but at places where no 
malformations had taken place, telia were 
observed after 30 days. On older leaves, 
however, telial formation took much 
more time; in fact, sometimes more than 
100 days elapsed before the telia were 
manifest. The maturity of the host tis- 
sue therefore determined not only the 
time taken for the development of telia 
but also the nature of the spore-form that 
developed. 
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DIAGNOSIS OF GENUS 


The morphological facts now brought 
to light have necessitated an emendment 
of the generic and specific descriptions. 


Cystopsora Butler, emend 

Pycnia subepidermal, flask-shaped. 
Aecia subepidermal, cupulate, without 
peridia. Telia subepidermal, sporogenous 
hyphae emerging through stomata in 
fascicles; hyphae quite distinct, without 
lateral coalescence; teliospores developed 
in clusters from basal generative cell, 
formed at apex of sporogenous hypha; 
teliospores germinating without a rest 
period and directed toward the host; 
promycelium semi-internal, 2- or 4-celled; 
sporidia sessile; teliospores without germ 
pores. 

Type species: Cystopsora oleae Butler 
on Olea dioica Roxb. at Khandala and 
Belgaum. 


Cystopsora oleae Butler, emend 

Pycnia amphigenous, distributed on 
hypertrophied patches and ‘witches’ 
brooms,”’ orange-yellow, flask-shaped, 
with ostiolar filaments. Aecia formed by 
displacing pycnia on _ hypertrophied 
patches, cupulate, yellow, erumpent; 
aeciospore chains converging toward 
center, peridia absent; aeciospores poly- 
hedral, yellow, ovate-ellipsoid to fusi- 
form, with reticulations on exospore and 
three distinct germ pores; aeciospores 
often developing within pycnia. Telia 
hypophyllous, sparsely distributed, or- 
ange-yellow, pulverulent, turning whit- 
ish following germination of teliospores, 
not causing hypertrophy on infection 
patches; sporogenous hyphae exserted 
through stomata in fascicles, distinctly 
separate; teliospores developed in clus- 
ters on discoid basal cell, 1-celled, pedi- 
cellate, spherical or ovate, deep orange- 
yellow, minutely verruculose; germina- 
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tion at maturity without a rest period, 
within sorus; promycelia directed toward 
the host, 2- or 4-celled, semi-internal; 
sporidia rather thick-walled, oval, ses- 
sile, binucleate. 

Habitat on leaves and twigs of Olea 
dioica Roxb. at Khandala, Belgaum, 
Balehonnur (Mysore), and Bannerghatta 
(Bangalore). 


Summary 


1. Cystopsora oleae has both 2- and 
4-celled promycelia. The rust is an autoe- 
cious opsis form and causes hypertrophy 
and ‘“‘witches’ brooms”’ on young leaves 
and twigs. Infection patches on which 
telia are formed, however, are not mal- 
formed. 

Teliospores germinate in situ with- 
out a rest period. Young teliospores are 
binucleate. Fusion takes place in mature 
spores. Promycelium is formed by the 
extension of the lower part of the telio- 
spore, and the syncaryon moves into it 
and divides twice. If the promycelium is 
4-celled the cells are uninucleate but are 
binucleate if it is 2-celled. The sporidia 
are aways binucleate. 

The binucleate condition persists, 
so far as it has been possible to deter- 
mine, and it is presumed that the diplo- 
phase is initiated within ‘the sporidium 
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itself. The pycnium is thus borne on a 
diploid thallus, as all the associated my- 
celium has a pair of conjugate nuclei in 
each cell, although the pycniospores are 
uninucleate. Formation of aeciospores 
within the pycnia has been observed 
many times. 

4. When aeciospores are sown on 
young leaves, they invariably give rise to 
pycnia, although they have never been 
observed to form promycelia and spori- 
dia. When older leaves are infected, telio- 
spore development takes place, but after 
a lapse of several weeks. 

5. This rust thus presents certain re- 
markable characteristics not previously 
observed among other rusts and appears 
to be a form in a very unstable condi- 
tion. 

The diagnostic characters of the 
genus and species have been emended. 


The writer wishes to acknowledge his 
indebtedness to Dr. B. B. MUNDKUR, 
Imperial Agricultural Insti- 
tute, New Delhi, for his valuable assist- 
ance in the course of this investigation, 
and to Dr. L. N. RAo for suggestions and 
encouragement. 
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TRANSLOCATION OF 
STIMULUS IN 


THE REPRODUCTIVE 


SUGAR BEETS 


MYRON STOUT 


Introduction 

Sugar beets vary widely in their ther- 
mal requirements for reproductive de- 
velopment. Most of the economic varie- 
ties require prolonged exposure to cool 
temperatures (that is, extensive thermal 
induction) before they will produce 
seedstalks. They may be regarded as 
biennials. This general characteristic is 
due principally to the fact that generally 
in sugar-beet breeding the effort has 
been made to suppress the bolting tend- 
ency, since production of seedstalks is 
undesirable. There are non-economic 
varieties that require so little thermal in- 
duction that they will bolt, even when 
planted during the hot summer months 
in the vicinity of Salt Lake City, Utah. 
Such varieties may be classed as annuals. 


They have been found useful in certain 
types of experimental work. 

All beet varieties, however, require 
long photoperiods before they will bolt 
normally. And all varieties may be kept 
in a vegetative condition indefinitely by 
growing them in an environment of short 
photoperiods and warm temperature. 
Furthermore, even though reproductive 
development has been initiated in an en- 
vironment favorable to bolting, rever- 
sion to the vegetative type of growth 
may be effected by moving the plants to 
an environment of short photoperiods 
and warm temperature. 

Annual beets that have started to bolt 
and then reverted to a vegetative condi- 
tion have rosettes of leaves at the ends 
of the seedstalks. These terminal areas 
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react to photoperiods in the same way as 
do annual beets that have not bolted pre- 
viously. Use of this fact has been made 
in some experiments here reported to ob- 
tain annual beets with growing points 
widely separated and hence more easily 
subjected to differencesin light exposures. 

The fact that the response of plants 
to photoperiod is localized rather than 
systemic was shown by GARNER and 
ALLARD (8) in 1925. Other workers have 
shown that the photoperiodic stimulus 
can be translocated to a part of the plant 
serving as receptor by defoliating this 
part and thereby inducing a flow of food 
into it. 

The work reported here is mainly 
based on the photoperiodic response of 
beets; but the fact is recognized that, at 
least with biennial beets, thermal induc- 
tion is an important factor. These two 
factors exert their influence on separate 
parts of the plant. KNort (12) and others 
have shown with various plants that the 
photoperiodic sensitivity is localized in 
the leaves. Unpublished studies by the 
writer have shown this to be the case in 
annual beets. Curtis and CHANG (7) and 
CHROBOCZEK (6), working with celery 
and beets, respectively, showed that the 
thermal induction stimulus is perceived 
in the crown. The evidence that light and 
temperature are complementary factors 
encouraged the effort to conduct the 
present studies with the light factor 
alone. 

Grafting as a means of studying pho- 
toperiodic response of plants has been 
employed by a number of workers (3, 4, 
10, II, 13, 14, 15, 1'7). CHOLODNY (5) has 
reviewed several of these papers. It has 
been shown that the substance or stimu- 
lus produced in a short-day plant as the 
result of exposure to short photoperiods 
is similar to that produced in a long-day 
plant by long photoperiods. MELCHERS 


(13) induced flowering in biennial plants 
of Hyoscyamus niger L. by grafting on 
them flowering scions of annual plants 
or of low-temperature treated biennials. 
NAYLOR (15) grafted annual and bien- 
nial varieties of sugar beets and grew 
both parts under long photoperiods, but 
since he did not provide the conditions 
necessary for translocation of food be- 
tween the grafted parts, each section de- 
veloped independently of the other. The 
annual part bolted while the biennial 
part remained vegetative. 

The use of annual-biennial grafted 
sugar beets was thought to afford an ex- 
cellent means for studying certain ques- 
tions that naturally arise in considering 
the thermal and photoperiodic factors in 
reproductive development in relation to 
the kind of substance or stimulus pro- 
duced by each. Do annuals require only 
one kind of substance or stimulus, while 
biennials require two kinds? Or, do both 
of these environmental factors contribute 
toward the production of one and the 
same kind of substance or stimulus? Fur- 
ther information concerning the answers 
to these questions should aid in the solu- 
tion of the internal causes of reproductive 
development. Considerable information 
has accumulated concerning the environ- 
mental factors responsible for reproduc- 
tive development in plants, but as yet 
little or nothing is known about the 
mechanism of the stimulus or the sub- 
stance or substances involved. 


Material and methods 


A variety of annual beets, usually re- 
ferred to as the Munerati annual, S.L. 
2240 or S.L. 841, was used in the early 
translocation studies. In later studies 
with grafted beets the annual compo- 
nent was a hybrid between the Munerati 
annual and a curly-top-resistant biennial 
variety. This hybrid, S.L. 2850, was 
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found to be definitely annual in charac- 
ter and had the advantage of better 
vigor and some curly-top resistance. 
S.L. 234, a nonbolting curly-top-resist- 
ant variety, was used as the biennial 





Fic. 1.—Corkborer technique used to graft 
sugar beets. A, beet used as stock at left, that used as 
source of scion at right. B, cylinders of tissue re- 
moved from both stock and scion. C, heavy-walled 
metal tubing, reamed out to fit conical shoulder of 
scion, used to force scion from corkborer into stock. 
D, \ongisection of grafted beet. 


component in all the grafting experi- 
ments. 

Annual beets having more than one 
growing point were obtained by two 
methods, both of which gave plants that 
reacted similarly. In the first method the 
leaves and petioles of vegetatively grow- 
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ing plants were trimmed off and the tops 
split to a point about 2 inches below the 
crown. A pebble was placed in the crotch 
and the beets were potted and grown in 
a warm, short-photoperiod environment 
for about 2 months, or until a single well- 
developed rosette of leaves was obtained 
on each segment. In the second method 
the plants were allowed to start to form 
seedstalks, the tops of the seedstalks 
were pinched off to induce lateral branch- 
ing, then the beets were placed in a 
warm, short-photoperiod environment 
until single, well-developed rosettes of 
leaves were formed on two or more 
branches. The latter method required 
more time but produced plants that were 
more easily covered. 

Heavy black cloth bags covered with 
white sheeting were used to cover parts 
of the plants to be kept darkened. The 
bags were kept from collapsing by inside 
wire frames and were closed with draw- 
strings. The exposed parts were given 
17- to 18-hour photoperiods or continu- 
ous illumination. Supplemental illumina- 
tion intensity was 25~50 foot-candles. In 
preliminary experiments it was found 
that the tips of seedstalks growing in the 
dark turned black and died after several 
weeks’ treatment. An exposure of the 
covered part of the plant to about 2 hours 
of sunlight each week prevented this 
trouble. In all subsequent tests the plants 
were given this prophylactic treatment. 

GRAFTING TECHNIQUE.—Several at- 
tempts were made to graft beets so that 
the scion would become entirely depend- 
ent upon the stock for mineral nutrients. 
The only method that proved satisfac- 
tory was based on one described by Goss 
(9) for inoculating potatoes with spindle- 
tuber disease. Use of that method for 
beet work was suggested to the writer by 
C. W. BENNETT, who had used it in 
curly-top studies at Riverside, California. 
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As used in the present work, the method 
is illustrated in figure 1 and may be de- 
scribed as follows: A beet about 13-23 
inches in diameter was used for the stock. 
The leaves were trimmed closely and a 
block of the crown tissue cut away to 
make a flat shoulder on one side, at about 
the level of the lowest leaf scar. From 
this shoulder, and extending down to a 
paraflel incision about 3 inches below, a 
cylinder of beet tissue about 11 mm. in 
diameter was removed by means of a 
corkborer. 

A smaller beet was used for the scion. 
It was trimmed to remove the leaves and 
some of the crown tissue but without in- 
jury to the apical bud. A transverse inci- 
sion was made in the shoulder of the beet 
and well past the center of the crown. 
This incision was at such distance from 
the top of the crown as to make the cy- 
lindrical scion the desired length to fit 
the space in the stock beet. The scion cyl- 
inder, including the apical bud, was cut 
by a corkborer about 1 mm. larger in 
diameter than the one used to make the 
space in the stock. 

The scion was then forced from the 
corkborer into the stock by means of a 
heavy-walled, metal tube slightly smaller 
in diameter than the corkborer. The end 
of this tube was reamed out to fit the 
conical top of the scion, permitting push- 
ing the scion without excessive injury. 
The scion was so inserted that the upper 
edge of its cylindrical surface was flush 
with or slightly above the flat surface of 
the stock. The cut surfaces, with the ex- 
ception of the apices of the scion and 
stock, were then covered with melted 
grafting wax. Beets so grafted were kept 
in a humid chamber for about 2 weeks 
before they were transplanted to pots. 

The grafted beets were grown in a 
warm, short-photoperiod environment 
for several months to reverse any ther- 
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mal induction they had received. It was 
found that if the beets were taken from 
the field in the fall, when the crown tis- 
sue was firm, 75-90% of the scions 
grafted by this method grew. The crown 
tissue of greenhouse-grown beets was not 
firm enough to work well with the 
method. 


Experimental results 


ANNUAL BEETS 


Seven split annual beets were placed 
under differential conditions of illumina- 
tion February 3, 1938. One shoot of each 
plant was exposed to 17-hour photo- 
periods; the opposite shoots of three 
plants were kept in continuous darkness; 
while the opposite shoots of the other 
four plants were exposed to 7-hour pho- 
toperiods. From 3 to 4 weeks were re- 
quired to induce bolting in the 17-hour 
exposed shoots. Of the three that had one 
shoot kept in darkness, one darkened 
shoot bolted March 10, another April 1, 
and the third died before April 1. Of the 
four plants that had shoots exposed to 
7-hour photoperiods, one died and the 
other three shoots remained vegetative. 

In another test, one shoot of each of 
six split annual beets was exposed to 
17-hour photoperiods, beginning April 4, 
1938. The opposite shoots of three plants 
were kept in continuous darkness, while 
the opposite shoots of the other three 
plants were exposed to 4-hour photo- 
periods. The 17-hour exposed shoots 
bolted about April 25. The continuously 
covered shoots developed as follows: one 
bolted May 25, another June 6, and the 
third developed an elongated crown but 
did not form a typical seedstalk; all the 
three shoots exposed to 4-hour photo- 
periods remained vegetative. 

In the previously described tests with 
split annual beets, a period of about 3-4 
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weeks was required to induce bolting in 
the long-day exposed part and about a 
month of additional time to induce bolt- 





Fic. 2.—Annual beet with three shoots that were 
exposed to photoperiods, after May 28, 1941, as 
follows: left, 7 hours; center, continuous darkness; 
right, continuous illumination. Shoot at right bolted 
June 5; one in center had seedstalk measuring 3 
inches June 18; one at left remained vegetative. 
Photographed August 9, 1941. 


ing in the attached part kept in the dark. 
In tests with beets that had bolted and 
then reverted to a vegetative condition, 
the time required to induce bolting in 
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continuously exposed parts was only 
about 2 weeks, and bolting of the part 
kept in the dark followed that of the con- 
tinuously illuminated part much more 
closely. In some instances the part ex- 
posed to continuous illumination and 
that kept in continuous darkness bolted 
almost simultaneously. Only one of the 
latter tests will be described in detail. 

Seven annual plants that had bolted 
and then reverted to a vegetative condi- 
tion were given differential photoperiodic 
treatments beginning May 28, 1941. Two 
plants had three shoots each, and each 
shoot was given a different treatment: 
continuous illumination, 7-hour photo- 
periods, and continuous darkness. Four 
plants having two shoots each had one 
shoot exposed to continuous illumination 
and the other to continuous darkness. 
The other plant, having two shoots, had 
one exposed to continuous illumination 
and the other to 7-hour photoperiods. In 
all, there were seven shoots exposed to 
continuous illumination, three to 7-hour 
photoperiods, and six to continuous dark- 
ness. Seedstalks had started to develop 
on all shoots given continuous illumina- 
tion by June 5. All those kept in con- 
tinuous darkness had seedstalks measur- 
ing 13-53 inches in length by June 18, 
indicating that bolting had started in 
some about a week earlier. All the grow- 
ing points exposed to 7-hour photoperi- 
ods remained vegetative. The typical 
effect of each treatment can be illus- 
trated in one of the plants that had three 
shoots, each treated differently. The 
plant shown in figure 2 indicates that the 
reproductive stimulus translocated from 
the continuously illuminated part (right) 
to that kept in darkness (center) was not 
appreciably decreased or inhibited by 
any negative stimulus from the attached 
vegetative part that received 7-hour 
photoperiods (left). 





ase st 0S, OO OP 


thm 


aes & Ff at ote om 


— ._f§ et ._e £6 tb 2h tet ak Oe 8 


ai 


ce et @n tfc ee tt CUCM 


ae 


ae a 


[BER 


nly 
art 
‘on- 
10Fre 
ex- 
and 
Ited 
the 
1. 
lted 
ndi- 
odic 
Two 
each 
ent: 
10to- 
Four 
one 
ition 
ness. 
had 
ition 
s. In 
d to 
hour 
lark- 
velop 
nina- 
con- 
asur- 
e 18, 
~d in 
srOW- 
)perl- 
rpical 
illus- 
three 
The 
at the 
from 
right) 
1s not 
d by 
ached 
hour 





1945] 


ANNUAL-BIENNIAL GRAFTED BEETS 

Annual (variety S.L. 2850) and bien- 
nial (variety S.L. 234) beets were taken 
from an overwintering seed-field in St. 
George, Utah, March 4, 1943. They 
were grafted March 1o and kept in a 
warm, humid chamber for about 2 weeks 
and then potted and grown in a warm, 
short-photoperiod environment (to re- 
verse thermal induction [16] in the bien- 
nial variety) until August 13, 1943. Dur- 
ing this period the beets were frequently 
trimmed of all but one vegetative shoot 
on each stock or scion. After August 13, 
one part of each plant was given con- 
tinuous illumination and the other part 
kept in darkness. 

Seven plants, in which the annual 
stock was kept in darkness, were started 
in the test. Four of the plants died. The 
three that lived are shown in figure 3A. 
Both parts of each plant remained vege- 
tative, with one exception. The annual 
part of the large plant at the left started 
seedstalk formation early in the test 
(September 27), but subsequent elonga- 
tion of the seedstalk did not follow, and 
when the photograph was taken (Decem- 
ber 13) the growth had reverted to a 
vegetative condition. It is probable that 
small leaflets that developed on the 
crown of the annual part below the cover 
were not removed frequently enough at 
first and may have been responsible for 
initiation of the seedstalk, rather than 
any stimulus translocated from the ex- 
posed biennial part. The fact that the 
seedstalk reverted to a vegetative rosette 
after being initiated further supports 
this explanation. 

Eight grafted plants, in which the an- 
nual scion was kept in darkness, are 
shown in figure 3B. With one exception, 
both parts of each plant remained vege- 
tative throughout the test. The plant at 
the upper left of figure 3B grew vegeta- 
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tively until November 19 (98 days), 
when a seedstalk started to develop on 
the exposed biennial stock. The cover on 
the annual scion was removed and a 
seedstalk had also started to develop 
there. This was the only instance in 
which a light-exposed biennial part of 





Fic. 3.—Annual-biennial grafted beets in which 
biennial part (left side of each beet) was exposed to 
continuous illumination while annual part was kept 
in darkness. A, biennial part as scion; B, biennial 
part as stock. Differential lighting started August 13; 
photographed December 13, 1943. 


the grafted plants bolted, and it was 
probably caused by cooler temperatures 
of the greenhouse during the last part of 
October and the month of November. 
The fact that only one of the biennial 
beets in this group of plants bolted is 
probably due to genetic variation. 

Four annual-biennial grafted beets, in 
which the biennial scion was kept in con- 
tinuous darkness, are shown in figure 4A. 
The continuously illuminated annual 
stocks had all started to bolt by Septem- 
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ber 13. The two biennial scions on the 
left of the figure bolted, one on October 
5 and the other on December 8. Lack of 
vigor of the other two biennial scions 
may have been responsible for their re- 
maining vegetative. 





bolted (from left to right) September 27, 
October 5, and September 27. Three to 
six weeks’ exposure to continuous illumi- 
nation was evidently required to produce 
the stimulus or substance in the leaves of 
the annual, translocate it to the apical 





Fic. 4.—Annual-biennial grafted beets in which annual part was exposed to continuous illumination 
while biennial part was kept in darkness. A, annual part as stock; B, annual part as scion. Differential 
lighting started August 13; photographed December 13, 1943. 


Three grafted plants, in which the 
biennial stock was kept in continuous 
darkness, are shown in figure 48. The 
continuously illuminated annual scions 
bolted on the following dates: From left 
to right, September 6, 27, and 13. The 
continuously darkened biennial stocks 


bud, and induce formation of a seed- 
stalk. It is also evident that only 8-21 
days of additional time was necessary to 
induce bolting in the continuously dark- 
ened biennial parts of the same grafted 
plants. This evidence of effective similari- 
ty regarding requirements for reproduc- 
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tive development in annual and biennial 
beets will be discussed more fully -later. 


Discussion 


Production of a food deficit in one part 
of a plant by defoliation or by keeping it 
in darkness has proved a useful tool in 
the study of the translocation of sub- 
stances other than plant food. The work 
of BENNETT (1) on the translocation of 
viruses showed that curly-top virus was 
rapidly translocated from a diseased to a 
healthy shoot of a sugar beet when the 
healthy shoot was defoliated or kept in 
darkness. In some instances 24 hours was 
sufficient to translocate the virus to the 
healthy shoot. In this case a short period 
of translocation would supply the small 
amount of virus necessary to initiate the 
disease. On the other hand, to cause bolt- 
ing, a continuous translocation of re- 
productive stimulus or substance prob- 
ably is required. 

When annual beets were split similarly 
to those used by BENNETT, 3-5 weeks of 
darkness were required for evidence of 
bolting in the darkened side after the 
illuminated side had started to bolt. In 
these instances the two growing points 
were separated by a considerable reser- 
voir of storage tissue, upon which the 
darkened shoot probably drew for food 
as well as from the shoot exposed to long 
photoperiods. Because the food for the 
darkened shoot presumably came from 
these two sources, accumulation in this 
shoot of an adequate amount of the re- 
productive substance was delayed. There 
was only about half as much lag in bolt- 
ing response between the exposed and 
the darkened shoots in the beets that 
had bolted and then reverted to the vege- 
tative state before being given the differ- 
ential illumination. The growing points 
in these beets, even though farther apart 
than in the split beets, were separated by 
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stem tissue rather than by storage tissue. 
The difference in time required between 
the two types of plants to develop seed- 
stalks is probably further evidence that 
a synthesized, flower-inducing substance, 
translocated with the elaborated food, is 
involved in reproductive development. 
The negative results of NayLor (15), 
who grafted annual and biennial varie- 
ties of sugar beets, also show that trans- 
location of the reproductive substance 
follows that of synthesized food. Because 
he created no food deficit in the biennial, 
there was no transfer of reproductive 
substance from the annual part. 

The darkened shoot of annual beets 
that had three shoots, one of which was 
kept vegetative (fig. 2), bolted as rapidly 
as darkened shoots on plants that had no 
vegetative shoots, indicating that vege- 
tatively growing plants do not produce 
any substance or stimulus antagonistic 
to reproductive development but merely 
lack the substance or stimulus in suffi- 
cient amounts to cause it. This evidence 
confirms the conclusions of CAJLACHJAN 
(2) in this regard. 

Several workers have shown that the 
substance or stimulus produced in long- 
day plants under long photoperiods is in 
effect the same as that produced in short- 
day plants under short photoperiods. 
They used defoliation of the receptor to 
induce translocation of the flowering 
stimulus. MELCHERS (13) showed that 
biennial plants of Hyoscyamus niger L. 
could be forced to initiate reproductive 
development by grafting to them either 
flowering scions of annuals or scions 
from cold-treated biennial plants. He 
postulated that the substance produced 
by the annuals and biennials was the 
same, but that a gene in the biennial in- 
troduces an inhibitory effect that is elimi- 
nated by treatment at low temperature. 
The available data indicate that the 
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flower-inducing substance or stimulus 
produced in annual beets under the in- 
fluence of long photoperiods alone is in 
effect similar to that produced in biennial 
beets as a result of the combined effect of 
cool-temperature exposure and long pho- 
toperiods. 

If the flower-inducing substance is the 
same in annual and biennial beets, it 
would appear that the leaves of the an- 
nual can synthesize an adequate amount 
of the substance under long photoperiods 
and that the leaves of the biennial can- 
not, except possibly under continuous 
illumination of high intensity. Another 
possibility is that an activator or precur- 
sor is genetically supplied to the annual, 
while in the biennial it is formed as a re- 
sult of cool-temperature exposure. 

The fact that the two environmental 
factors, light and temperature, affecting 
respectively the leaves and the crown, 
produce a similar effect suggests the pos- 
sibility of obtaining evidence on the bio- 
chemical basis of reproductive develop- 
ment. Possibly the same flower-inducing 
substance will be discovered to be formed 
in beet leaves and crowns. 


Summary 


1. Separate shoots of annual beets 
having more than one shoot were sub- 
jected to differential photoperiods as fol- 
lows: long days or continuous illumina- 
tion, short days, and continuous dark- 
ness. The parts exposed to long days or 
continuous illumination developed seed- 
stalks. The parts exposed to short days, 
even though connected to parts exposed 
to long days or continuous illumination, 
remained vegetative. The parts kept in 
continuous darkness and connected to 
parts exposed to long days or continuous 
illumination developed seedstalks, even 
when they were also connected to short- 
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day exposed parts that remained vegeta- 
tive. 

2. These results indicate that sub- 
stances conducive to reproductive devel- 
opment may be translocated with the 
carbohydrates. Exposure of a part to 
short photoperiods produced sufficient 
carbohydrates for that part, and hence 
none was translocated to it from the 
long-day part. Keeping a part in con- 
tinuous darkness made that part de- 
pendent on the long-day exposed part, 
and hence food, and with it reproduc- 
tive-inducing substances, were translo- 
cated to the darkened part. 

3. Continuously illuminated biennial 
parts of annual-biennial grafted beets 
failed to develop seedstalks when they 
were not also subjected to cool-tempera- 
ture exposure. Neither did the continu- 
ously darkened annual parts of the same 
beets develop seedstalks. 

4. About one month was required to 
initiate seedstalks in continuously illumi- 
nated annual parts of annual-biennial 
grafted beets. The continuously dark- 
ened biennial parts of most of the same 
beets also developed seedstalks during 
the following month. 

5. These results indicate that the bien- 
nial is not able to synthesize reproduc- 
tive-inducing substances as a result of 
photoperiod alone, as annuals do, but 
also requires cool-temperature exposure. 
The reproductive-inducing substances 
produced by biennials as a result of ther- 
mal and photoperiodic induction, and 
those produced in annuals as a result of 
photoperiodic induction alone, appear 
to be in effect similar. 

6. A simple and effective method of 
grafting such material is described. 
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CICATRIZATION IN LEAVES OF BRYOPHYLLUM CALYCINUM 


WALTER B. WELCH 


Introduction 

The leaves of Bryophyllum calycinum 
Salish. are well known for their ability to 
retain moisture after having been de- 
tached from the plant. During an in- 
vestigation on the water relations of 
leaves during severe drying (7), small 
corky layers were found to have formed 
over the end of the petiole when the 
leaves were allowed to dry in the open 
air. These same corky layers were seen at 
any injured place on the leaf. When the 
leaves were transferred from their drying 
trays to the pan ofa balance for weighing, 


the corky layers would drop from the 
leaf. 

SAMUEL (5) states that in a moist at- 
mosphere with a good supply of water to 
the leaf all injured tissues will be abscised 
and that in a dry atmosphere with a poor 
supply of water to the roots abcission 
will not occur. He states further that in a 
moderately dry atmosphere abscission 
will or will not occur, depending upon 
whether the meristem arises some dis- 
tance within the leaf lamina or near the 
edge of the injury. Prrestty and Wor- 
FENDEN (4) found in potato tubers that, 
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if the injured tubers were exposed to 
moist atmosphere, the healing of wounds 
was more rapid and continuous; and if ex- 
posed to dry atmosphere, especially in 
sunlight, the healing was slower and not 

















Fic. 1.—Outline of leaf of Bryophyllum calycinum 
showing positions of wounds. A, wound along margin 
of leaf; B, cross-hatch wound of center; C, wound of 
petiole. 


continuous. BLACKMAN and MATTHAEI 
(rz) found that “the factor of excessive 
drying does not come in.” 

Since the corky layers did fall from the 
leaf with the appearance of true abscis- 
sion, an investigation was undertaken to 
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determine whether there was an active 
meristem and abscission layer of the cica- 
trice formed in the leaf. Wy LIE (8) has 
found that the thicker the leaf the wider 
the cicatrice, except in succulents or 
semi-succulents. There seems to be no 
constant relation for all leaves. The 
leaves of Bryophyllum might certainly 
be called succulent, or they might be 
considered xerophytic—if Maximov’s 
(2) criteria were used. The leaves of 
Bryophyllum will produce small plantlets 
on the margin at the notches, even after 
the leaf has wilted, if the leaf is removed 
from the plant in a turgid condition. If 
the leaf is allowed to wilt as the plant 
dries up and is then removed, it will 
produce few if any plantlets. 


Material and methods 


The material of Bryophyllum calycinum 
used in this investigation was that which 
is known as the Chicago variety (3). The 
plants were grown in the greenhouse at 
the University of Chicago, and also in 


. the greenhouse of Southern Illinois 


Normal University, under ordinary 
greenhouse conditions until they had 
produced at least eight sets of leaves. At 
the fourth and fifth nodes the leaves no 
longer increase in size. These were con- 
sidered mature and used in this investi- 
gation. 

Two series of leaves were established. 
In the first the leaves were detached from 
the fourth and fifth nodes of vigorously 
growing plants. These were placed on 
screen-wire trays and allowed to dry at 
room temperature varying from 50 F. 
to 85°F. and at laboratory humidity 
from 50 % to 85%. In the other series the 
leaves remained attached to the plants 
that were growing under greenhouse 
conditions. The temperature of the 
greenhouse was never over 85° F. or un- 
der 55°F. The relative humidity was 
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rarely as much as 90% and never under 
60%. 

The series of leaves allowed to dry in 
the laboratory was divided into three 
sets. One set was cut along the margin 
with a sharp razor blade (fig. 14; here- 
after shown as A in all figures). This cut 
was made through all the tissues and the 
margin removed and discarded. An- 
other set of leaves was cut with cross- 
hatch lines (fig. 1B; hereafter shown as 
B in all figures). This was about halfway 
from the midrib to the margin and at 
about the widest portion of the leaf. 
These leaves were cut through the upper 
epidermis and into the mesophyll but 
not through the lower epidermis. The 
third set had the petiole cut off about 
halfway from the point of attachment to 
the base of the blade (fig. 1C; hereafter 
shown as C in figures). 

Leaves of the second series were left 
attached to the plant and only those 
from the fourth and fifth nodes were 
wounded. The wounds were made as in 
the first series, except at the petiole. It 
was impossible to make a cut more than 
halfway across this organ and have it re- 
main on the plant, and it was found more 
practical to cut through about two-fifths 
of the tissues, including one of the lateral 
bundles. 

In each series all leaves were wounded 
on the same day and at as nearly the 
same time as possible. The first collection 
was made at once, and then every 4 hours 
for the next 48 hours. After that, collec- 
tions were made every day for 2 weeks. 
After 2 weeks a collection was made 
every 4 days for the next 9 weeks. 

The specimens were fixed in a solu- 
tion of 6.5 cc. formalin, 2.5 cc. glacial 
acetic acid, and 50% alcohol to make 
Ioo cc.; mounted in paraffin and sec- 
tioned at 10 uw. The drawings were made 
with the aid of a Promi projector and 
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all were magnified twenty-eight times. 
In the sections of the leaf blade no at- 
tempt was made to include or exclude 
either the veins or the stomata. 


Discussion 


The leaf of Bryophyllum calycinum 
has some of the characteristics of a suc- 
culent, in that the ratio of internally to 
externally exposed surface is compara- 
tively low (6). The relative number of 
stomata is also small (7). In the illus- 
trations the intercellular spaces are in- 
dicated only by the curvature of the cell 
walls as they jut into the intercellular 
space. In this leaf there is little to dis- 
tinguish the types of mesophyll cells. 
After the leaf has started to dry out, the 
palisade and spongy cells are almost in- 
distinguishable. The cuticle is not as 
thick as might be expected on a succu- 
lent leaf. In the drawings it may even be 
exaggerated, owing to the width of the 
line on the surface of the epidermis. 
There was no attempt to show the con- 
tents in any of the cells. 

When the first samples were taken 
they were plunged immediately into the 
fixative. A little collapse will be noticed 
in the leaf section taken from the margin 
A (fig. 2). There is little difference be- 
tween the leaf that was attached to the 
plant (fig. 2) and the one that was re- 
moved to dry in the open air (fig. 3). 
The sections taken from the center of the 
leaf (figs. 4, 5) show more collapse. 
This may have been due to the razor 
blade not being very sharp. In the sec- 
tions of the petiole (figs. 6, 7) where the 
tissues were more rigid the cut was clean 
and no collapse was seen. The lack of dif- 
ferentiation in the mesophyll is shown in 
the drawings. These would be considered 
the ‘‘normal”’ sections. The wounds were 
made a matter of minutes before being 
plunged into the killing fluid and there- 
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fore the response is none or very little. 
There is only slight evidence of any de- 
struction of the cells other than that 
done by the razor. 

Four hours after the wounds were 
made, some changes were evident in the 
cells along the margin of the wound A. 
In the sections A (figs. 8, 9) the epidermis 
curls over the wound, and in some cases 
the upper epidermis is almost touching 
the lower. A much greater area has 
started to dry out in the leaf that was 
attached to the plant (fig. 8) than in the 
leaf that was removed (fig. g). In the at- 
tached leaf there are some twelve rows of 
cells that have started to collapse, while 
in the leaf that was removed there are 
only eight rows. The curling of the 
epidermis and the collapse of the cells 
adjacent to the wound may be what 
PRIESTLY and WOFFENDEN (4) refer to 
as an effective block to the transpiration 
from a wound surface. 

Sections B (figs. 10, 11) show much less 
of the collapse due to the drying of the 
cells than sections A. Here the wound 
was through the upper epidermis and 
the upper part of the mesophyll. The 
evaporation from this wound must have 
been reduced to a minimum, for very 
little moisture was lost through it. Here 
also the area of collapse seems to be 
greater in the leaf that was attached 
(fig. 10) than in the one that was re- 
moved (fig. 11). The difference in the 
sizes of the leaf is not due to one drying 
out more than the other. The leaves did 
vary a great deal in thickness. 

In the sections of the petiole at C 
(figs. 12, 13) there is very little change 
in the leaf that was attached as com- 
pared with the section that was made 4 
hours before. In this section the wound 
was made only two-fifths of the way 
across the petiole, so that it could remain 
on the plant (fig. 12). Very little evapora- 
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tion has taken place, since little of the 
wound area was exposed. In the section 
where the end was cut off the petiole 
(fig. 13) the whole area was exposed and 
therefore evaporation was great. Al- 
most as much evaporation takes place 
as in the sections A. The epidermis starts 
to curl over the cut tissues, and the only 
difference from sections A is the vascular 
bundle that keeps the organ rigid. 

After 3 days many of the cells that 
showed collapse in the first 4 hours are 
dead, and so decomposed as to be un- 
recognizable. This layer acts as a further 
block to the evaporation from the living 
cells below. In the sections A (figs. 14, 
15) these areas are shown by the heavy 
shading. In both figures the cells next to 
the dead decomposed tissues seem to be 
as turgid as any others of the leaf. It is 
apparent that the leaf that was attached 
(fig. 14) lost more tissue by collapse ow- 
ing to drying than did the leaf that had 
been removed. Again it might be pointed 
out that the leaves that were removed 
from the plant had no contact with 
moisture other than that of the air. 

In the sections of the cross-hatch 
wound in the center of the leaf (B), the 
leaf that was attached (fig. 16) shows 
much greater collapse than the one that 
was removed (fig. 17). Relatively there 
are a greater number of dead cells in the 
leaf that was removed than in the one 
that was attached. Here also the living 
cells next to the dead tissue seem to be as 
turgid as any of the others. 

In the sections of the petiole at C, the 
leaf removed from the plant (fig. 19) 
shows a much larger area of the dead 
decomposed cells than does the leaf that 
remained on the plant (fig. 18). The leaf 
that was removed also shows a curling of 
the epidermis that will partly cover the 
decomposed cells. This follows the ex- 
pected procedure, since there was a large 











A, marginal wounds; B, cross-hatch 


Fics. 8-13.—Sections of leaves 4 hours after wounds were made: 
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Fics. 14-19.—Sections of leaves 3 days after wounds were made: A, marginal wounds; B, cross-hatch 
wounds; C, wounds of petioles. Fig. 14, attached leaf. Fig. 15, removed leaf. Fig. 16, attached leaf. Fig. 17, 
removed leaf. Fig. 18, attached leaf. Fig. 19, removed leaf. m, meristem; pc, pseudocicatrice. 
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area of collapsed tissue in the petiole at 
4 hours. There is no decomposition of the 
cells in the petiole of the leaf that was 
attached to the plant, and there is very 
little collapse of the tissues along the 
wound, but a new structure is develop- 
ing the meristem that will later form the 
cicatrice (fig. 18m). In following WYLIE’s 
(8) nomenclature, the meristem will be 
called the meristem, and the tissues 
produced by it (the cicatrice and those 
between the cicatrice and the wound) 
the pseudocicatrice. In the pseudocica- 
trice there appears, later in the develop- 
ment of the cicatrice, some cells that lose 
their cell contents and are cut off from 
the living tissues but do not decompose 
and lose their identity. In the section 
(fig. 18) of the petiole that is attached to 
the plant there is a meristem formed be- 
fore any of the decomposed tissue is ap- 
parent. 

The meristem divides to form the cica- 
trice and cuts off a wall of living cells 
(fig. 20) back of the decomposed cells of 
the pseudocicatrice. The wall of living 
cells may be only one to seven cells wide. 
The pseudocicatrice has two types of 
cells, the decomposed cells of the first 
collapse and now the dead cells cut from 
the rest of the tissues by the cicatrice. 
The dead cells of the pseudocicatrice are 
easily distinguished and are without cell 
contents. The decomposed cells of the 
pseudocicatrice take a very dark stain 
characteristic of lignified tissue, while 
dead cells take a stain characteristic of 
suberized tissue. The outer cells of the 
cicatrice soon show the suberin reaction; 
in some cases the outer wall shows suber- 
in as early as 2 days after they have been 
formed. The dead cells are thus cut off 
from water and food, and (fig. 20) be- 
come part of the pseudocicatrice. 

After 4 days the nferistem has up to 
four cell divisions. The leaf that re- 
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mained attached has more cells cut off 
in the pseudocicatrice (lightly shaded 
areas of figs. 21, 23, 25) and more di- 
visions of the meristem. 

After 6 days there is greater meriste- 
matic activity in the attached leaf than 
in the detached one (figs. 26, 28, 30, 27, 
29, 31). Some of the cicatrice cells pro- 
duced by the meristem have become 
suberized and no longer have cell con- 
tents. This is shown in the figures by the 
light shading. The cells of the bundle 
sheath of the petiole (fig. 31) have be- 
come meristematic and have grown in 
between the ends of the spiral elements of 
the xylem. In detached leaves the effect 
of drying out is evident. The cells have 
decreased in size and there is a swollen 
area where the meristem is active (figs. 
27, 29). This swollen area was apparent 
in all detached leaves, no matter where 
the wound was made. It is not entirely 
due to the rigidity of the cicatrice and 
pseudocicatrice, for sometimes it is some 
distance behind the meristem, and a 
sunken area appears between the meri- 
stem and the cicatrice. There is apparent- 
ly a water-storage tissue developed just 
back of the meristem, this tissue becom- 
ing more apparent as the drying con- 
tinues (figs. 33, 35). 

At the end of 6 weeks the cicatrice and 
many cells of the meristem have become 
suberized and are dead. There is some in- 
dication of lignin in the dead cells of the 
pseudocicatrice. The meristem has in- 
vaded the epidermis and produced a 
cicatrice sixteen cells away from the 
wound in some cases (figs. 32, 33, 34, 35): 
The sections of the detached leaf show 
the cells almost crushed (figs. 33, 35). In 
another week the whole leaf (except the 
petiole) is brittle and shatters at touch. 

There is no evidence of any abscission 
of the pseudocicatrice or of the cicatrice. 
In fact, there is some evidence that the 




































{BER 


_ off 
ded 
di- 





iste- 
han 
27; 
pro- 
ome 
con- 
‘the 
ndle 
be- 
n in 
ts of 
ffect 
lave 
allen 
figs. 
rent 
here 
irely 
and 
some 
ida & 
neri- 

rent- 

just 

com- 

con- 


















H 
Y) 


ih) 
Oh 






a 
= 
- 


a 
mt 
on 
Ui.) 






co 





. 
U 
to) _\ 









\ 






1, 
2 
es 





> and 
come 
1e in- 
f the 
s in- 
ed a 
the 
» 35): 
show 
;). In 
t the 
ouch. 





Fics. 20-25.—Sections of leaves 4 days after wounds were made: A, marginal wounds; B, cross-hatch 
wounds; C, wounds of petioles. Fig. 20, attached leaf. Fig. 21, removed leaf. Fig. 22, attached leaf. Fig. 23, 
ission removed leaf. Fig. 24, attached leaf. Fig. 25, removed leaf. dc, dead cells of pseudocicatrice; dec, decomposed 
trice. cells of pseudocicatrice; m, meristem. 
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Fics. 26-31.—Sections of leaves 6 days after wounds were made: A, marginal wounds; B, cross-hatel 
wounds; C, wounds of petioles. Fig. 26, attached leaf. Fig. 27, removed leaf. Fig. 28, attached leaf. Fig. 29, 
removed leaf. Fig. 30, attached leaf. Fig. 31, removed leaf. cx, cicatrice; dc, dead cells of pseudocicatrice; 
dec, decomposed cells of pseudocicatrice; m, meristem. 
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Fics. 32-37.—Sections of leaves 10 weeks after wounds were made: A, marginal wounds; B, cross-hatch 
wounds; C, wounds of petioles. Fig. 32, attached leaf. Fig. 33, removed leaf. Fig. 34, attached leaf. Fig. 35 
removed leaf. Fig. 36, attached leaf. Fig. 37, removed leaf. 
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meristem is so active that the wound will 
be completely filled with new tissue 
(fig. 36). This would seem to make the 
organ more solid than before activity 
started. Any dropping of tissue must 
have been due to the handling of the ma- 
terial and not from any natural abscis- 
sion. More of the cicatrice tissue was 
developed in the leaf that was attached 
to the plant. If there is a water relation 
it might be shown here, since the leaf was 
allowed to dry at laboratory humidity. 

The leaf that remained attached to 
the plant had more cells cut off between 
the meristem and the cells originally 
wounded. In this leaf there were twelve 
rows of cells between those of the original 
wound and the cell from which the meri- 
stem arose. In the detached leaf there 
were only eight cells at the most between 
the wound and the meristem. This would 
lead to the development of more pseu- 
docicatrice in the leaf that remained on 
the plant. 


Summary 


1. The development of the cicatrice 
and the possibility of abscission of that 
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tissue were studied in the leaves of Bryo- 
phyllum calycinum. 

2. Stages in the development of the 
pseudocicatrice and the cicatrice were 
traced from wounds made in the leaf at 
the margin, in the center, and at the 
petiole of the leaf. 

3. Two series of leaves were used. 
One series was attached to the plant and 
the other was removed and allowed to 
dry under laboratory conditions. There 
was greater collapse and greater develop- 
ment of the pseudocicatrice in the leaf 
that was attached than in the leaf re- 
moved from the plant. 

4. There was no evidence of abscis- 
sion, either from the leaves that were 
attached to or from those removed from 
the plant. 

5. The idea that abscission of tissues 
developed in response to wounds if the 
moisture supply to the leaf is high does 


not apply to Bryophyllum calycinum. 

6. Any loss of tissue must have come 
from mechanical agitation rather than 
from true abscission. 


SOUTHERN ILLINOIS NORMAL UNIVERSITY 
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MEGASPOROGENESIS AND DEVELOPMENT OF THE EMBRYO 
SAC OF CYPRIPEDIUM PARVIFLORUM 


MARGERY C. CARLSON 


Literature review 

A reinvestigation of megasporogenesis 
and the development of the embryo sac 
of Cypripedium parviflorum  Salisb. 
seemed desirable because of the doubt ex- 
pressed by some investigators concern- 
ing the so-called Cypripedium-type of 
embryo sac, which was based on PAcE’s 
(9) investigation of several species of this 
genus. SCHNARF (16) placed this type in 
his list of doubtful cases and called at- 
tention to the criticisms of PAcE’s work 
by RutTGERs (15). On the basis of Rut- 
GERS’ criticisms and of results of work on 
other species of Cypripedium by FRAN- 
cINI (5) and Proctna (12), SCHNARF 
suggested that the embryo sac of Cy- 
pripedium develops according to the 
Scilla-type. MAHESHWARI (6, 7) agreed 
with SCHNARF and placed many mem- 
bers of the Orchidaceae in his Allium- 
type, which is the same as SCHNARF’S 
Scilla-type. 

Pace (9) concluded from her study of 
C. parviflorum, C. spectabile (C. hirsutum 
Mill.), C. pubescens (C. parviflorum var. 
pubescens |Willd.| Knight), and C. candi- 
dum that the archesporial cell, which 
functions as the megaspore mother cell, 
divides by meiosis and forms two daugh- 
ter cells. The micropylar cell disinte- 
grates and the chalazal one continues its 
development, resulting in the formation 
of the embryo sac. The nucleus of the 
chalazal daughter cell divides into two 
nuclei (megaspore nuclei), but the cell 
does not divide. An enlarging vacuole in 
the center pushes the two nuclei to op- 
posite ends of the cell, where a second 
division takes place, producing a 4- 


nucleate embryo sac. One micropylar 
nucleus becomes the egg, the other a 
synergid; one chalazal nucleus migrates 
to the micropylar end of the embryo sac 
and becomes the other synergid, while 
the second chalazal nucleus becomes the 
polar nucleus. One synergid is then 
pushed upward by the entering pollen 
tube and unites with the polar nucleus. 
After discharge from the pollen tube, one 
male nucleus unites with the egg and the 
other unites with the two polar nuclei in 
the center of the sac. This was one of the 
first instances in which the account of 
embryo-sac development deviated from 
what is usually regarded as the normal. 

RUTGERS pointed out the following in- 
consistencies in PAcE’s work. PACE stated 
that the mature embryo sac before ferti- 
lization has four nuclei but figured one 
with five. She showed no intermediate 
steps in the passage of one synergid to 
the center of the sac, where, she said, it 
unites with the polar nucleus. RUTGERS 
stated that Pace simply inferred this in- 
terpretation and called attention to one 
of her figures in which the remains of two 
synergids can be seen after double fer- 
tilization has occurred. RUTGERS gave 
his interpretation of Pace’s figures as 
follows: The daughters of the primary 
chalazal nucleus' could not have become 
synergid and egg because of the polariza- 
tion of the embryo sac; the primary cha- 
lazal nucleus must divide late and its 
two daughter nuclei remain close to- 
gether and later both unite with one of 
the male nuclei; the primary micropylar 


* Terminology used in this paper is that suggested 
by MAHESHWARI. 
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nucleus divides, one daughter becoming integrates when the pollen tube enters. 
the egg and the other dividing and form- RutTGERs states, “We do not claim to 
ing the two synergids; one synergid dis- have given a decision, this being impos- 


TABLE 1 





— Investigator and year 





1. Ordinarily normal (monosporic and 8- nucleate): : 


(QrUHBNSRMER Solan sc tenes, actin rales same Strasburger (19), 1878 
TRVIMNAUCHIA CONGISER.......5 os. 6c occ ca ceeeec’cwes Ward (22), 1880 
Habenaria ciliaris (Michx.) R. Br.............. ..| Brown (2), 1909 

Ae nterre (OIOUL.) SOILS... is cee cases sense . . 
Caloposon pultbetlas R.Br. os. sc enc ek es ess Pace (10), 1909 

{*Epipactis pubescens (Willd.) A. A. Eaton.......... Brown and Sharp (3), 1911 

SRMMDIASUUNIIEONI C6 sac nea c coda Sdalea de Sarees Vermoesen (21), 1911 
*Epidendrum variegatum Hook.................... Sharp (17), 1912 

RAVE OMME IN G26. 556) o:c chores d die nana bs aneeaacwins . 5 

Bi MOMCANMINID ASS cc op3.0.s's0.es oa /cron ge eet easels ee " i 

Ger yc CUT. |e! ee ee ree ee 5 : 

Bletia shepherdii Hook..................ccceeee0% . : 
Coelogyne massangeana..............0.cee cee eee = 3 
POROMAIMACTOPRYVND «6666s soko oe sas cde eu sends e . 

AS LOMMACTIE CONIUA 6 i555 os occ nies sides stores seeen Pace (11), 1914 
SO SRR te eee ee - . 
ROTC NONI Dace ss a sss bisis ord s ciweseocss seas ....| Afzelius (1), 1916 
PEOPCIS SAUIPMOMIDD 1 e565 roses olois se: aieo 9.0.0 4 orgwimern aie 6 . 
Oncidium praetextum Rchb. fil... ............ et . 94 
Coeloglossum viride ig PANNE hoes ais ne asalwrds HAE RS si * . 
Gymnadenia albida (L.) L. C. Rich............... . 53 
Goodyera repens (L.) R. Br... ........5.. ccc ceeee . . 
IGIED TINS AGS cose Ch.vicdceiad a edcacnesdulean | Modilewski (8), 1918 
Moringa Gleifera WaMie. i... sec. css ca cae ces nonce | Puri (13), 1935 


Garcinia livingstonii T. Anders............. ....-| Puri (14), 1939 
2. Monosporic, normally producing less than 8-nuclei 
in embryo sac: 
Coot er | Oc) i a er ra Treub (20), t911 (doubted 
by Puri [14], 1939) 
G. treubii Pierre < = 


PRAWIG STANGNONUS LOU. «6.60. ccc cc cee aa sewn | Sharp (17), 1912 
Corallorhiza maculata Raf.........................] . o 
Broughtonia sanguinea R. Br..................... S sa 


3. Normally bisporic, thus belonging to Maheshwari’s | 
Allium-type: 
Cypripedium parvitlorum:. . .. ..5 65 csc case cee Pace (9), 1907 
3 spectabile (C. hirsutum Mill.)................. - : 
. pubescens (C. parviflorum var. _ pubescens | Willd. | 
een) SORA COR ae erg © pace SA ACRD SE SOD aoe? . ‘i 
EERE 1 aoe ee OP Ee rae zi . 
tPaphiopedilum insigne (Wall.) Pfitz............... Afzelius (1), 1916 
tCypripedilum guttatum Sw.................... ..| Procina (12), 1930 
Papmopedium leeanum.,......... 6... .6.se.06ss000% Francini (5), 1931 
P. spicereanum (Rchb. fil.) Pfitz.................. 4 55 
TO, barpatem (handl)), PR... och ces cease Ks = 
fc MEROBUNE AEMINOL PRE... 5 an se see sie and.sieee cle die si = 
Tr: venustum’ (WalL), PHU. 2. coo kecces ows + 5 = 


Achroanthes monophyllos (L.) Greene 





* A few of these embryo sacs reported bisporic; a few tetrasporic. 


t Some mature embryo sacs may have less than 8 nuclei, either because the antipodal nuclei degenerate 
very early or because daughter nuclei of the primary chalazal nucleus do not divide. 


t In these the chalazal nuclei do not divide after the 4-nucleate stage of the embryo sac, which is there- 
fore 6-nucleate when mature. 
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sible without a reinvestigation of the 
whole material. But our suggestions 
must be admitted as a possible explana- 
tion and must be rejected on firm grounds 
before we can accept Miss Pace’s.” 

Rutcers described the development 
of the embryo sac in the orchid Moringa 
oleifera Lam. He found four megaspores 
in a T-arrangement, only one of which 
functions in forming the embryo sac. 
Two nuclear divisions occur normally, 
but the third division is restricted to one 
of the micropylar nuclei. The mature sac 
has, therefore, two chalazal nuclei which 
unite and become the secondary (fusion) 
nucleus, and three micropylar nuclei, 
two of which are synergids and one the 
egg. This sequence of events is similar to 
RUTGERS’ suggestion of possible events 
in Cypripedium. However, Purt (13), 
reinvestigating M. oleifera, found the 
normal eight nuclei in the mature sac. 

TREUB (20) described the course of 
development of the embryo sacs of 
Garcinia kydia Roxb. and G. treubii 
Pierre, and RutGeErs, probably influ- 
enced by TREUB, found the same course 
in Moringa; but Purt (14) found the 
normal eight nuclei in the mature sac of 
G. livingstonit T. Anders. Table 1 gives a 
classification of the work on the embryo 
sac of orchids. 


Material and method 


The material used in this work was 
collected and prepared primarily for a 
study of seed formation, as described 
previously by CARLSON (4). Young flower 
buds were bagged, and when they had 
opened and their stigmas were receptive, 
they were pollinated and then rebagged. 
Ovaries were collected at intervals and 
were prepared for sectioning by the usual 
paraffin technique and were stained with 
safranin and fast green. 

The relation of the stage of develop- 
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ment of the ovules and their contents 
to the season and to the date of pollina- 
tion was given in the earlier paper and 
will not be repeated here. 


Observations 

CHROMOSOMES 
Pace (9) reported eleven pairs of 
chromosomes at the equator of the spin- 
dle in the metaphase of meiosis. I find ten 
pairs, as seen in figures 3 and 4. Many 
counts were made, and in no case where 
the chromosomes were sufficiently spread 
out to make the count certain were more 
than ten pairs found. The chromosomes 
are short and thick and vary somewhat 
in size and form. Even though they are 
small, it was possible to distinguish 

chromonemata and matrix. 


MEGASPOROGENESIS 

The single hypodermal archesporial 
cell enlarges greatly and its nucleus 
undergoes the first meiotic division, 
thereby functioning directly as the 
megaspore mother cell (fig. 1). A pro- 
phase, metaphase, and telophase of this 
division are seen in figures 1, 2, and 5, 
respectively. When the two daughter 
nuclei are reconstructed, a wall is formed 
dividing the mother cell into two approxi- 
mately equal-sized daughter cells—the 
dyads (fig. 6). The chalazal dyad begins 
to enlarge and the micropylar one soon 
shows signs of disintegration (fig. 7). 
The nucleus of the chalazal dyad now 
undergoes the second division, but the 
cell does not divide (figs. 7, 8). Many 
stages of this nuclear division were found, 
but no indication of even an ephemeral 
wall was seen. The two nuclei in the 
dyad, the result of two divisions follow- 
ing the megaspore mother nucleus, are 
equivalent to megaspore nuclei. Both 
take part in the formation of the em- 
bryo sac, making it bisporic. 








Fics. 1-11.—Camera lucida drawings. All figures arranged so that chalazal end of ovule or embryo sac is 
toward top of page. Fig. 1, tip of ovule with lobe of inner integument showing; nucleus of enlarged megaspore 
mother cell in prophase of meiosis. Fig. 2, lateral view of heterotypic metaphase; only four of the ten pairs 
of chromosomes seen. Figs. 3, 4, polar views of heterotypic metaphase, showing ten pairs of chromosomes. 
Fig. 5, telophase of heterotypic division. Fig. 6, nuclear division completed; cell plate forming; each cell will 
be a dyad; lobe of inner integument extending around nucellus. Fig. 7, chalazal dyad elongated and its 
nucleus divided into two megaspore nuclei; micropylar dyad somewhat crushed. Fig. 8, chalazal dyad more 
elongated but no indication of cell division; vacuole developing between the two nuclei and initiating forma- 
tion of bisporic embryo sac; micropylar dyad disintegrated. Fig. 9, each nucleus of embryo sac divided; 
micropylar dyad completely disappeared. Fig. 10, each nucleus at micropylar end of sac divided; those at 
chalazal end not divided and staining more heavily with safranin. Fig. 11, four nuclei at micropylar end of 
embryo sac; two nuclei at chalazal end have united. 





ryo sac is 
egaspore 
ten pairs 
nosomes. 
h cell will 
d and its 
yad more 
ng forma- 
: divided; 
; those at 
lar end of 


1945] 


EMBRYO SAC 

A vacuole appears between the two 
nuclei in the chalazal dyad, which now 
becomes the embryo sac. As the vacuole 
enlarges, the embryo sac elongates and 
its nuclei are pushed to the ends of the 
sac (figs. 7, 8). Both nuclei divide, mak- 
ing four (fig. 9). Up to this point my ob- 


17 
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servations agree with those of Pace, but 
beyond the 4-nucleate stage the events 
differ from those described by her. 


The two nuclei at the micropylar end 
of the embryo sac divide and the four 
daughters lie free in the cytoplasm. The 
two chalazal nuclei, however, do not di- 
vide (fig. 10). This 6-nucleate stage was 





Fics, 12-18.—Figs. 12, 13, egg and two synergids formed; polar nucleus free in inner cell; chalazal nuclei 
united. Fig. 14, end of pollen tube, with tube nucleus and two sperms, in embryo sac; two chalazal nuclei 
and polar nucleus lying in contact. Fig. 15, double fertilization; one sperm in contact with egg, other with 
polar nucleus; fused chalazal nuclei at inner end of sac. Fig. 16, double fertilization; one sperm in contact 
with egg; second sperm, polar nucleus, and fused chalazal nuclei in contact (latter group [4n] functions as 
primary endosperm nucleus). Fig. 17, polar view of embryo sac; 3-celled embryo; division of two groups of 
primary endosperm nuclei. Fig. 18, young embryo with 3-celled embryo proper and 1-celled suspensor; 
fused chalazal nuclei, polar nucleus and sperm in contact; pollen tube with tube nucleus still visible but syner- 


gids have disappeared. 





Ii2 


missed by Pace, but it appears frequent- 
ly in the present material. 

Three of the micropylar nuclei now 
form the typical egg apparatus, and the 
fourth (upper polar) moves to the center 
of the sac (figs. 12, 13). The two chalazal 
nuclei may remain apart, they may ap- 
proach and lie in contact, or they may 
fuse (figs. 12, 13). Sometimes they unite 
before the egg apparatus is constructed 
(fig. 11), and sometimes they are still 
apart after the embryo has started to 
form. The upper polar nucleus may fuse 
with the two chalazal nuclei but usually 
simply lies in contact with them (fig. 14). 


FERTILIZATION 


The pollen tubes grow downward on 
either side of the base of each of the 
three branching placentae. Great masses 
of them follow along the surface of the 
placentae. They reach the ovules when 
meiosis is in progress or during the early 
stages of embryo-sac development. The 
tube nucleus and the two male nuclei 
follow in succession down the tube and 
may easily be found just back of its tip. 
When a pollen tube enters the embryo 
sac (fig. 14) it sometimes becomes diffi- 
cult to find the synergids (fig. 15), but 
often both may be found as late as ferti- 
lization (fig. 16). The tube and male 
nuclei change their shapes and staining 
reactions when the tube enters the sac 
(fig. 14). After discharge from the ube, 
the male nuclei enlarge and migrate into 
the sac, where one unites with the egg 
(figs. 15, 16). 

The history of the second sperm de- 
pends on what has happened in the low- 
er end of the sac. As already described, 
the two chalazal and the upper polar 
nuclei may not actually fuse but merely 
lie in contact, or the two chalazal nuclei 
may fuse and this double nucleus may 
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lie in contact with the upper polar one. 
In either case the second sperm usually 
moves into contact with, but does not 
fuse with, the group (figs. 16, 18). Some- 
times the polar nucleus does not join the 
chalazal nuclei but unites with the sperm 
independently (figs. 15. 17). There is no 
triple-fusion nucleus in the ordinary 
sense of the term. Because this group of 
nuclei is concerned with the formation of 
endosperm, it may be called the primary 
endosperm nucleus or group of nuclei, 
Frequently, one or two dark-staining 
bodies remain in the pollen tube after 
fertilization (fig. 16). 


EMBRYO AND ENDOSPERM 


The early stages of embryo develop- 
ment have already been described by 
CARLSON and by Pace, but 3- and 4- 
celled stages may be seen in figures 17 and 
18. The primary endosperm nucleus, or 
group of nuclei, contains a tetraploid 


chromosome complement. PACE shows a 
metaphase and telophase in the first di- 
vision of the primary endosperm nucleus 
and also illustrates embryo sacs with two 
and four large endosperm nuclei. In most 
of the sacs in my material the nuclei, 
which should form the primary endo- 
sperm nucleus, neither fuse nor divide, 
but figure 17 shows an end view of an 
embryo sac with metaphases or early 
anaphases of two nuclei which started to 
divide before uniting. The embryo in this 
figure is in the 3-celled stage. Whether or 
not the primary endosperm nucleus 
divides, it or its descendants soon dis- 
integrate and the mature seed has no 
endosperm. 


Discussion 


This study confirms Pace’s conclusion 
that two megaspore nuclei enter into the 
formation of the embryo sac, but corrects 
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her ideas about the fate of the nuclei 
after the 4-nucleate stage of the sac. The 
micropylar nucleus of the dyad functions 
normally, but the one at the opposite end 
divides although its daughters do not. 
They are variable in their behavior, 
usually fusing and together functioning 
as the upper polar nucleus. There are no 
antipodal cells as ordinarily defined. 
Fertilization of the egg is normal, but the 
other ‘‘fertilization” is variable. The pri- 
mary endosperm nucleus, or group of 
nuclei, which is 4n, may or may not di 
vide, forming endosperm nuclei. Rut- 
GERS’ guess that the daughters of the 
primary chalazal nucleus fuse and then 
unite with a male nucleus was right, but 
he was mistaken in thinking that no polar 
nucleus was formed in the micropylar 
end of the sac. Variability in the chalazal 
end of the sac is not unusual. It oc- 
curs in those plants marked with 7 in 
table 1. 

Most of the orchids which have been 
investigated have normal, monosporic, 
8-nucleate embryo sacs, but some are 
monosporic with 6-nucleate sacs. Cy- 
pripedium parviflorum, C. hirsutum, C. 
pubescens, C. candidum (9), C. gutta- 
tum (12), Achroanthus monophyllas (18), 
and six species of Paphiopedilum (1, 
5), are bisporic and 6-nucleate. The 
so-called Cypripedium-type of embryo- 
sac development must be abandoned and 
the bisporic types placed in the Scilla- 
type of ScHNARF, or the Allium-type of 
MAHESHWARI, who claims that the 
name ‘‘Allium-type”’ has priority. 


CARLSON—CYPRIPEDIUM 


Summary 


1. The haploid number of chromo- 
somes in Cypripedium parviflorum is ten 
rather than eleven, as previously re- 
ported. 

2. Two potential megaspore nuclei 
enter into the formation of the embryo 
sac, making it bisporic, and placing this 
species of Cypripedit.m in the Scilla-type 
of SCHNARF, or the Allium-type of 
MAHESHWARI. 

3. After the 4-nucleate stage of the 
embryo sac, the two micropylar nuclei 
divide and two of the resulting four nu- 
clei become synergids, one becoming the 
egg and the other the polar nucleus. The 
two chalazal nuclei do not divide and 
usually fuse. They may, however. simply 
lie in contact. At this stage the embryo 
sac contains either six or five nuclei, de- 
pending on whether the chalazal nuclei 
have fused. 

4. The polar nucleus from the micro- 
pylar group usually migrates into con- 
tact with the fused or contiguous chalazal 
nuclei and may never actually fuse with 
them. 

5. Double fertilization occurs. One 
sperm fuses with the egg and the second 
may unite with or lie in close contact 
with the chalazal group of nuclei. 

6. The primary endosperm group of 
nuclei, containing the tetraploid number 
of chromosomes, may not divide or it 
may reach a few-nucleate stage before 
disintegrating. 

NORTHWESTERN UNIVERSITY 

EVANSTON, ILLINOIS 
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EFFECT OF COMMERCIAL FERTILIZERS ON THE 
SEX EXPRESSION OF HEMP! 


C. A. BLACK 


Introduction 


Owing to the shortage of hard fibers 
in the United States during the early 
part of the war, hemp was grown in sev- 
eral states for military and domestic 
needs. Except for Kentucky and Wiscon- 
sin, hemp had not been grown previously 
to any extent in the states selected for 
and relatively little was 
known about the successful culture of 
the crop in the new areas. For this rea- 
son, a number of field experiments with 
commercial fertilizers were undertaken 
to determine their value in hemp pro- 
These experiments, while de- 
signed primarily to obtain data on yield, 


ction. 


t Journal paper no. J 13603 of the Iowa Agricul- 
tural Experiment Station, 


Ames, lowa, 


825. 


Project 


furnished a good opportunity to study 
the effect of fertilizers on the sex ratio of 
hemp under field conditions. Practical 
interest in the problem arises from the 
difference in the nature and quantity of 
fiber obtained from plants of the differ- 
ent sexes. The male plants contain a 
harsher fiber and a higher percentage of 
it than do the female plants (3). The 
present paper records the results of sex 
counts obtained from experiments con- 
ducted in Iowa in 1943 and 1944. 


Review of literature 


Several investigators have found it 


possible to bring about a change in the 
sex expression of certain plants by vary- 
ing the environmental conditions. In the 
case of hemp, the factors of light, tem- 
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perature, and nutrient supply have been 
shown to be of importance. By varying 
the photoperiod, SCHAFFNER (8) was 
able to control the degree of sex reversal. 
Where the length of the photoperiod was 
short, more than 90% of the plants 
showed sex reversal, the male to the fe- 
male and vice versa. NELSON (6) noted 
that in both wild and fiber hemp, low 
temperature (15° C.) favored a domi- 
nance of female plants. The effect was 
more pronounced when the aerial por- 
tion of the plant was subjected to the 
low temperature than when the roots 
were kept at the low temperature. 

No particular effect of nutrition was 
noted by earlier investigators. The data 
reviewed by HEYER (5) were negative. 
It was concluded, therefore, that sex was 
determined in the seed and not influ- 
enced by external conditions. 

BosE (2), working with hemp, re- 
ported some counts made in a portion 
of a field which had been fertilized with 
mustard cake (an organic fertilizer con- 
taining nitrogen, together with some 
phosphorus and potassium). The rela- 
tive numbers of males and females were 
almost identical on the treated and un- 
treated areas. Additional counts were 
made on a field of four plots, three re- 
ceiving commercial fertilizers and one 
serving as a check. The ratio of males to 
females varied from 1:0.92 on the check 
plot to 1:1.27 on the ammonium-sul- 
phate plot. Superphosphate and Am- 
mophos gave intermediate values. Al- 
though the differences probably are with- 
in the limits of sampling variation, the 
hemp on all the fertilized areas had a 
smaller proportion of males than had the 
check; furthermore, both the plots re- 
ceiving nitrogen had a lower percentage 
of males than had the two plots not fer- 
tilized with nitrogen. 

Later work by T1BEau (10), conducted 
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in the greenhouse, showed that by vary- 
ing the nitrogen supply it was possible to 
produce all male, all female, or a popula- 
tion of male and female plants. When no 
nitrogen was supplied, all the plants 
were male. When the plants were grown 
with a “normal” supply (that furnished 
in Knop’s solution), 65% of the plants 
were female and 35% were male. With 
eight times the “normal” concentration 
of nitrogen, all the plants were female. 

The results of TrpEAvU (10), in con- 
junction with those of Tatiey (9), 
GARDNER (4), and others, suggest that 
the carbohydrate-nitrogen balance in 
certain plants influences the sex expres- 
sion. It seems that, in general, high- 
nitrogen low-carbohydrate plants tend 
toward femaleness, whereas low-nitrogen 
high-carbohydrate plants tend toward 
maleness. 


Experimental methods 


In 1943, the relative numbers of male 
and female plants were counted in two 
experiments. The treatments employed 
were commercial ammonium sulphate, 
superphosphate, and potassium chloride 
added at rates to furnish, respectively, 
N at 25 pounds per acre, P.O; at 50 
pounds per acre, and K.O at 25 pounds 
per acre. Each treatment was used singly 
and in all combinations with each of the 
others in a factorial design having four 
replications. In 1944, counts were made 
on six experiments. The 1944 experi- 
ments included N at 50 and 100 pounds 
per acre, P,O, at 30 pounds per acre, and 
K.O at 20 pounds per acre, again in a 
factorial design with four replications 
(three replications in experiments 12 
and 13). 

The fertilizers were applied on small 
plots, 10 X 13 feet in 1943 and 13 X 16 
feet in 1944. The sample of hemp taken 
from each plot consisted of a composite 





116 BOTANICAL 
of six 24 X 26 inches of sub-samples in 
1943 and of five 36 X 36 inches of sub- 
samples in 1944. In making the sex 
counts, small lots of about ten plants 
each were taken at random from the com- 
posite sample. The male and female 
plants were counted before another lot 
was taken. This process was repeated 
until a total of 100 male plus female 
plants had been counted per plot. No 
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the percentage of female plants repre- 
sents the difference between that and 100. 





Results and discussion 


In both 1943 and 1944 it was found 
that fertilizers affected the yield of hemp. 
In general, nitrogen was the major limit- 
ing factor, followed in order by phos- 
phorus and potassium. Table 1 summa- 
rizes the effects of fertilizers on the yield 


TABLE 1 


EFFECT OF NITROGEN, PHOSPHORUS, AND POTASSIUM 


FERTILIZERS ON YIEL 


| YIELD WITH- AVER 


D OF GREEN HEMP 


AGE YIELD INCREASE WITH TREATMENTT 








OUT FER- (TONS PER ACRE) 
FIELD No.* TILIZER " _ i: — 
(TONS PER | 
ACRE) } N P K 
> + ” 
Bod a esecerens bk 8.21 1.QQ} 0.79 —0.04 
6. 7.02 2.19 0.37 —o.59§ 
| 
a 2 | 
N: N, P | K 
GO. Sich baveiwws 10.16 281i | <4/00f | -—0.26 0.54§ 
2 ee 10.54 2.90f | 3.57f | —0.46 | 0.64 
Re cictamceres 8.73 2.21 | 2.98f 0. 58§ | °.26 
. eee ae i ETT | 1.63 0.37 | 0.20 
ee eee 14.32 o.gr =| 1.38t 1.07} —0.47 
DSi cute xantcnesan 2:35 0.52 r.23t —0.09 —0.24 


* For further details regarding yields, soil typ 
and VESSEL (1). 


t Acre applications of fertilizer ingredients as f 


P20;; K 25 lb. K,0. For fields 10-15: Ni 50 lb. N; 
t Significant at 1°% level. 
§ Significant at 5% level. 


hermaphroditic specimens were noted, 
although there may have been a few 
which escaped attention. In each experi- 
ment it was found necessary to discard 
a few plants which were not far enough 
advanced to be recognized definitely as 
either male or female. These were small 
plants which presumably germinated 
late and were stunted by lack of light 
under the foliage of the earlier plants. 
The results of the counts are expressed 
in this report in term$ of the percentage 
of male plants, it being understood that 


es, past management, location, etc., see BLACK 


ollows: For fields 3 and 6: N 25 lb. N; P 50 lb. 
N; 100 lb. N; P 30 lb. POs; K 20 lb. K,0. 


of hemp for those experiments on which 
counts of male and female plants were 
made. 

The results of counts made on the 1943 
experiments are shown in table 2. It will 
be noted that about half the plants were 
male, regardless of treatment. The only 
difference which reached significance at 
the 5% level was that for phosphorus on 
field 6, where hemp on_phosphorus- 
treated plots averaged 52% male and 
that without phosphorus averaged 48%. 
In the final yields on field 6 there was no 











[BER 


ore- 
[OO. 


und 
mp. 
mit- 
hos- 
ma- 


eld 


vhich 
were 


- 1943 
t will 
> were 
- only 
ice at 
‘us on 


LOrUus- 
> and 

48%. 
vas no 








1945] 


significant response to phosphorus. Early 
in the season, however, definite response 
to phosphorus was evident. The reverse 
trend in percentage of male plants was 
found on field 3, where there was more 
marked early response to phosphorus 
and where phosphorus produced twice as 
much increase in the final yields. 

The hemp on both field 3 and field 6 
was rather low-yielding, owing in the 
main to a deficiency of nitrogen. Even 
the nitrogen-fertilized hemp was defi- 
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a value well within the range obtained 
on the adjacent experiment. 

One replicated experiment was con- 
ducted in 1943 in which nitrogen was ap- 
plied at the rate of 100 pounds per acre 
to a field which gave a high yield of hemp 
without fertilization’ and on which the 
nitrogen-fertilized hemp gave a test for 
nitrate nitrogen throughout the season. 
Counts made on composite samples from 
all replications gave 507% male on the 
hemp without additional nitrogen and 


TABLE 2 


EFFECT OF NITROGEN, PHOSPHORUS, AND POTASSIUM FERTILIZERS 
ON PERCENTAGE OF MALE HEMP PLANTS; 1943 EXPERIMENTS 


PERCENTAGE MALES WITH TREATMENTS* 
FIELD NO. Average effects 

None N r NP K NK PK NPK 

0-0-0| 5-0-0] O-10-0| 5-10-0! 0-0-5] 5-0-5] O-10-5| 5-10-5 

| N N: P. I K K: 
ee Save cnet 56.0} 52.0) §2.0 7.0 | 49.0} 48.0) 47.0 | 48.0} 51.0) 48.7) 51.2) 48.5 | 51.7) 48.0 
Wwe cours ee 47-7| 49.2| 50.0 | 52.7 | 46.0} 49.0] 52.2 | 53.0 | 49.0| 51.0) 48.0) 52.0T| 49.9| 50.1 
Average....| 51.9] 50.6] 51.0 | 49.9 | 47.5] 48.5] 49.6 50.5 | 50.0) 49.9) 49.6) 50.2 | 50.8 49.0 





* 500 pounds of each fertilizer per acre. 
+ Significant difference at 5% level. 


cient throughout a considerable part of 
the growing season. To obtain some indi- 
cation as to the effect of a greater supply 
of nitrogen, counts were made on a 
heavily fertilized, non-replicated strip 
at the side of experiment 3. The ferti- 
lizers applied to this area included phos- 
phorus and potassium at the same rates 
as those used in the experiment, and ni- 
trogen at the rate of 100 pounds per 
acre—four times the rate in the experi- 
ment. Hemp on this more heavily ferti- 
lized area did not contain discernible 
quantities of nitrate nitrogen after mid- 
season, but should have had an adequate 
supply earlier in the season.? Sex counts 
showed the presence of 49% male plants, 


? Acre yield of green hemp was 14.87 tons. 





49% on the hemp which received the 
heavy application of nitrogen. 

The results of counts made on the 1944 
experiments are shown in table 3. Since 
the 25-pound rate of nitrogen used in 
1943 was clearly inadequate in many 
cases, nitrogen was applied at 50 and 100 
pounds per acre in 1944, with the as- 
sumption that 100 pounds would be ade- 
quate on the poorer fields and excessive 
on the better fields. As a result of heavy 
rains in the spring and early summer, 
fields 12, 13, and 15 were not planted for 
some time after the fertilizers had been 


3 Acre yield of green hemp was 16.85 tons on the 
plots without nitrogen and 21.20 tons on the plots 


which received nitrogen at the rate of 100 pounds 
per acre. 
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applied. Apparently there was oppor- 
tunity for loss of some of the nitrogen by 
leaching before the hemp was planted, 
because even the hemp on plots receiv- 
ing 100 pounds of nitrogen per acre was 
deficient in nitrogen on fields 12 and 15. 
Because of this difference in the nitrogen 
status of the different experiments, the 
data have been averaged in two groups, 
one including only those experiments 
(10, 11, 13, and 14) where the nitrogen- 
fertilized hemp had an adequate supply 
of nitrogen and the other including all 
experiments. 

Again in 1944 all treatments averaged 
about 50% male (the average of all ex- 
periments was 48.4%). There was a 
slight tendency for the percentage of 
males to decrease as both nitrogen and 
phosphorus were increased. The lowest 
percentages occurred on the plots which 
received both nitrogen (at the 1o0-pound 
rate) and phosphorus. The analysis of 
the combined data from all six experi- 
ments indicated a significant interaction 
of nitrogen and phosphorus. 

Statistically significant differences oc- 
curred in two individual experiments. On 
field 10, the phosphorus-treated plots 
had significantly fewer males. The de- 
pression in number of males occurred en- 
tirely at the highest level of nitrogen 
(N.) and resulted in a highly significant 
N-P interaction. On field 14 there was a 
highly significant increase in the per- 
centage of male plants on the plots which 
received potassium. The increase from 
potassium was four times as great in the 
presence of phosphorus as in the absence 
of phosphorus, a significant interaction. 

Field 10 gave an increase in acre yield 
of 4.06 tons from nitrogen and 0.54 tons 
from potassium, and a decrease of 0.26 
tons from phosphorus. The acre yield of 
hemp on field 14 was increased 1.38 tons 
from nitrogen and 1.07 tons from phos- 

























phorus, and was decreased 0.47 tons 
from potassium. Thus, nitrogen, which 
had the greatest effect on the yield of 
hemp and might be expected to have the 
greatest effect on the relative numbers of 
male and female plants, was the only 
fertilizer constituent which produced no 
significant main effects. The fertilizers 
which significantly affected the relative 
numbers of male and female plants (phos- 
phorus in experiment 10 and potassium 
in experiment 14) were ingredients which 
had little or no effect on the yield. The 
same may be said for the 1943 results. 

No physiological explanation for the 
results obtained is apparent, and yet it 
would be unusual to obtain three statis- 
tically significant main effects in eight 
experiments purely as a matter of chance. 
The changes were small, however, and 
the effects were of no practical impor- 
tance in producing hemp consisting 
largely of either male or female plants. 
The conditions necessary to produce 
hemp of this nature evidently lie outside 
the range produced in these experiments. 

As regards the use of nitrogen for pro- 
ducing a stand of female plants, it would 
appear that the quantity required under 
field conditions would be extremely high. 
Moreover, present indications are that 
weak fiber would be obtained from such 
high-nitrogen plants. On the other hand, 
to produce a preponderance of male 
plants by withholding nitrogen appar- 
ently would require such marked nitro- 
gen deficiency that only a very low yield 
of fiber could be obtained. 


Summary 

Eight field experiments with hemp 
were conducted in Iowa in which was de- 
termined the effect of nitrogen, phos- 
phorus, and potassium fertilizers on the 
relative numbers of male and female 
plants. Phosphorus produced a statisti- 
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cally significant increase in percentage 
of male plants in one experiment and a 
decrease in another. Potassium produced 
a significant increase in percentage of 
male plants in one experiment. No sig- 
nificant effects were produced by nitro- 
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gen. All differences due to fertilizers were 
small, the sex ratios varying but little be- 
tween treatments. 


DEPARTMENT OF AGRONOMY 
Iowa STATE COLLEGE 
Ames, Iowa 
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EFFECT OF 2,4-DICHLOROPHENOXYACETIC ACID ON THE 
READILY AVAILABLE CARBOHYDRATE CONSTITU- 
ENTS IN ANNUAL MORNING-GLORY 


JOHN W. MITCHELL’ AND JAMES W. BROWN?’ 


Introduction 


The use of certain growth-regulating 
substances as herbicides has recently 
been considered (1, 2, 3, 4, 7, 8, 9). It has 
been reported that the physiological 
changes associated with the death of 
plants treated with toxic amounts of 
2,4-dichlorophenoxyacetic acid and some 
other related compounds occur at a rela- 
tively slow rate, so that the plants may 


* Physiologist and ? Assistant Physiologist, Bu- 
reau of Plant Industry, Soils,and Agricultural Engi- 
neering, U.S. Department of Agriculture, Beltsville, 
Maryland. 


live for 
(35 4, 7). 

In earlier experiments, naphthalene- 
acetic acid and some other compounds 
accelerated the rate of starch hydrolysis 
and depleted the supply of readily avail- 
able carbohydrate reserves in bean leaves 
when these substances were applied as 
emulsion sprays (5, 6). 

The present experiments were under- 
taken to determine the effect of spray 
application of toxic amounts of 2,4- 
dichlorophenoxyacetic acid on the readi- 
ly available carbohydrate reserves of an- 


2-4 weeks after treatment 
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nual morning-glory plants, pomoea la- 
cunosa L., some of which were grown 
under conditions of photoperiod and soil 
fertility favoring vigorous vegetative 
growth and others under less favorable 
conditions. 


Experimentation 
PRELIMINARY TEST 


In a preliminary experiment, morning- 
glory plants were grown in composted 
soil contained in 4-inch clay pots under 
greenhouse conditions, during the months 
of January, February, and March, 1945. 
During this period the plants grew only a 
limited amount vegetatively but pro- 
duced numerous flowers and seeds. Ap- 
proximately 2 months after planting, the 
plants were 4~6 inches tall, bushy, and 
had matured four to ten seedpods per 
plant. One hundred uniform plants were 
selected, and two-thirds of them were 
sprayed with an aqueous mixture con- 
taining 1000 p.p.m. of 2,4-dichlorophen- 
oxyacetic acid and 0.5% Carbowax 1500. 
The foliage of each plant was thoroughly 
covered with this solution. The remain- 
ing plants were left untreated as con- 
trols. Samples consisting of three treated 
and three untreated plants of average 
size were collected at intervals of 2-4 
days. 

Microchemical estimations of the 
amount of starch in the plants were made 
by cutting transverse sections of stem 
tissue at one-fourth and at one-half the 
distance from the apex to the ground lev- 
el, at the ground level, and also a section 
was cut through the upper part of the 
root. These sections were placed in iodine 
solution and the amount of coloration 
due to the starch content in the tissue 
was noted. 


chemical tests indicated that the starch 


reserve had greatly decreased in the 
stems of treated plants. At the end of 3 
weeks only a trace remained in these 
stems, while those of untreated plants 
contained an abundance of starch. At 
this time the leaves of the treated plants 
were brown and curled, the stems were 
beginning to dry, and the plants were 
near death. The untreated plants were 
green and healthy in appearance, al- 
though they were not growing vegeta- 
tively. 


NONVEGETATIVE PLANTS 


MeEtTHODS.—Morning-glory plants 
were grown from seed under greenhouse 
conditions in lightly composted soil con- 
tained in 4-inch clay pots. Small pots 
and soil of low fertility were used, in 
order to provide conditions unfavorable 
for vigorous vegetative growth. On 
March 20 the plants were 3-6 inches tall, 
and 330 were selected for size and uni- 
formity. One-half of these were sprayed 
with an aqueous mixture containing 1000 
p-p.m. of 2,4-dichlorophenoxyacetic acid 
and 0.6% Carbowax 1500. The foliage 
was thoroughly covered with the spray 
mixture. In order to inhibit excessive 
vegetative growth and hasten fruit pro- 
duction, both treated and untreated 
plants were covered with a black cloth 
so as to permit but 1o hours of natural 
illumination. 

Thirty treated and thirty untreated 
plants were harvested at intervals dur- 
ing the next 20 days. Plants in these 
samples were divided into roots, hypo- 
cotyls, stems, flower buds, and leaves, 
and all like parts were combined to make 
five individual samples for each treat- 
ment. The samples were dried at 80° F., 
ground, and analyzed for total reducing 
sugars and for dextrin and starch by 
means of saliva digestion (6). 
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RESULTS.—Within 24-48 hours slight 
epinasty and stem curvatures developed 
on treated plants. Treatment inhibited 
vegetative growth (table 1), and the 
leaves of the sprayed plants became yel- 
low within 2 weeks after treatment. New 
flower buds failed to develop on the treat- 
ed plants, and those that were partially 
developed at the time of treatment be- 
came discolored and died within 6-10 


TABLE 1 


FRESH WEIGHT OF UNTREATED MORNING-GLORY 
PLANTS COMPARED WITH THAT OF PLANTS 
SPRAYED WITH AQUEOUS MIXTURE CONTAIN- 
ING 1000 P.P.M. 2,4-DICHLOROPHENOXYACE- 
TIC ACID AND 0.6% CARBOWAX 1500. FIGURES 
EXPRESSED IN GRAMS AND OBTAINED FROM 
SAMPLES OF THIRTY TREATED AND THIRTY 
UNTREATED GREENHOUSE PLANTS 


| 


DAYS AFTER TREATMENT 


8 20 
PLANT PARTS 
° | 
| Con- | Treat-| Con- Treat- 
trol ed | trol | ed 
Roots.......| 31-5 | 24.6 | 33.3 | 38.0 | 12.0 
Hypocotyls...| 8.0} 8.6] 9.0] 8.3 | 5.6 
Stems nee] Rae | eae 1 -2ecg, | 29.0 | 14.4 
Buds... caciw.| 057) [2002 | 7.2 | 35.0 | by 
Leaves.......| 71.0 | 57.0 | 60.0 | 40.0 | 16.1 
Total....../141.3 |129.9 |134.9 [150 3 | 49.8 
| | 


days. The flower buds were the first part 
to show necrosis as a result of treatment 
and the first to die. 

Thirty untreated plants developed 130 
mature fruits and forty-four immature 
ones during the experiment, while treat- 
ed plants failed to develop fruit. Twenty 
days after treatment, the foliage and 
stems of the sprayed plants were dis- 
colored, on many of the plants a region 
of stem near the soil surface was partially 
decomposed as a result of the growth of 
fungi and bacteria in‘the stem tissues, 
and the plants were designated as dead 
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(fig. 1). Ninety-five per cent of the roots 
of the sprayed plants were classified as 
dead 20 days after treatment, and the 
remaining ones appeared beyond re- 
covery. 

Untreated plants failed to increase ap- 
preciably in size during the experiment, 
since they were subjected to environ- 
mental conditions which did not favor 
vigorous growth (table 1). The average 
dry weight of the treated plants de- 
creased by approximately 60%, which 
may have been due in part to digestion 
by microérganisms during the latter part 
of the experiment. 

The sugar content of sprayed plants 
increased markedly up to about the 
eighth day, when they contained 73% 
more sugar than did the controls; then 
the sugar content of the sprayed plants 
decreased, until at the end of the experi- 
ment they contained only about one- 
third as much sugar as did the unsprayed 
ones (table 2). The most marked in- 
crease in sugar content as the result of 
treatment occurred in the leaves. In con- 
trast, the sugar content of the flower 
buds of the treated plants remained con- 
sistently below that of buds of the un- 
treated ones. In treated plants no sugar 
could be detected in the tissues of the 
buds, and there was only a trace of it in 
the roots on the twentieth day following 
treatment. 

The starch-dextrin content of the 
sprayed plants decreased markedly, and 
on the twentieth day following treat- 
ment they contained only about one- 
fifteenth as much starch and dextrin as 
did the unsprayed plants. The most rapid 
rate of hydrolysis of starch occurred in 
the leaves, buds, and stems in the treated 
plants (table 2). 

The percentage of readily available 
carbohydrates (sugar, starch, and dex- 
trin) decreased in the untreated and 
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Fic. 1.—Morning-glory plants subjected to 10-hour photoperiod and grown in relatively infertile soil to 
inhibit vegetative growth. Untreated (left) compared with plants sprayed with aqueous mixture containing 
1000 p.p.m. 2,4-dichlorophenoxyacetic acid and 0.6% Carbowax 1500 (right). Twenty-one days after treat- 


ment. 


VEGETATIVE GROWTH AND SPRAYED WITH AQUEOUS MIXTURE CONTAINING 


TABLE 2 
TOTAL SUGAR AND STARCH-DEXTRIN CONTENTS OF MORNING-GLORY PLANTS GROWN 


IN GREEN- 
HOUSE UNDER CONDITIONS OF PHOTOPERIOD AND SOIL FERTILITY UNFAVORABLE FOR VIGOROUS 


1000 P.P.M. 


2,4- 


DICHLOROPHENOXYACETIC ACID AND 0.6% CARBOWAX 1500. FIGURES REPRESENT MILLIGRAMS 
OF CARBOHYDRATES IN THIRTY PLANTS 


Days 


ee 
canna Ea rales 
ee 


Cow O 


mH 
ou 


*C 


Roots 


CF 


288 
216 


232 | 


136 


170 | 


778 


633 | 
574 


633 | 


611 


, control; T, treated. 


438 


258 


94 | 


18 


| 
| Hypocotyts 


oC teete 
| 

36 | P 
49 | 87 
56 183 
55 | 1§2 
30 98 
713 

505 | 544 
836 | 416 
484 107 
321 17 


138 
118 
86 


r | ¢ 

| 

Sugar 
| 
ae ees | 36 

230 | 406 | 
322 197 
IQI | 262 
100 | 349 


Starch-dextrin 


682 | 63 
480 252 
81 851 
o| 675 


33 
51 
10 


28 |. 


| LEAVES | 
a — 

| | 

| ¢ | T 
Lo ae 
| 260 | 660 

| 133 | 281 

| 46| 43 

| 128 } 17 

| 1304 | 

| 1006 | 612 
| 725 15 

| 58 | ° | 
| 270 } 


689 


715 | 


756 
617 
793 


3748 


354° 
3728 
2728 
2281 
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treated plants during the experiment. A 
decrease in the amount of these constitu- 
ents in the untreated plants was to be 


. 


Fic. 2.—Morning-glory plants exposed to 12- to 
13-hour photoperiod and grown in relatively fertile 
soil to hasten vegetative growth and seed produc- 
tion. Two untreated plants (left) compared with two 
plants sprayed with aqueous mixture containing 
1000 p.p.m. 2,4-dichlorophenoxyacetic acid and 
0.6% Carbowax 1500 (right). Twenty-one days after 
treatment. 


expected, since both sets of plants were 
subjected to adverse conditions of photo- 
period and soil fertility. 
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VEGETATIVE PLANTS 


MeEtHOpDS.—Morning-glory plants 
were grown under greenhouse conditions 
in heavily composted soil contained in 
6-inch clay pots. On April 8, approxi- 
mately 600 plants were selected for size 
and uniformity and arranged on two 
greenhouse benches. Alternating rows of 
these plants were then sprayed with an 
aqueous mixture containing 1000 p.p.m. 
of 2,4-dichlorophenoxyacetic acid and 
0.6% Carbowax 1500. The remaining 
plants were left untreated. In order to 
maintain vigorous vegetative growth, 
the soil in which the plants were growing 
was treated with a solution containing 
2000 p.p.m. of calcium nitrate during the 
first week following treatment and the 
surface of the soil in each pot was cov- 
ered with well-rotted manure. 

Thirty treated and thirty untreated 
plants were harvested at intervals during 
the 20-day period immediately following 
treatment. They were divided into roots, 
hypocotyls, stems, flower buds, and 
leaves. These samples were then dried at 
80° F., ground, and analyzed for total 
reducing sugars and for starch and dex- 
trin (6). 

REsULTS.—The sprayed plants showed § 
marked epinasty within 24 hours after 
treatment, but the leaves remained green 
until approximately the sixth day, when 
most of those on the treated plants 
changed from green to red and yellow 
and later to a brownish color. The 
sprayed plants failed to grow in length 
following treatment, while an average 
increase of approximately three expand- 
ed internodes was recorded for the un- 
treated plants. The total average dry 
weight of the sprayed plants decreased 
slightly during the 3-week period follow- 
ing treatment, while that of the un- 
treated plants increased by 175% during 
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the same period. Plants sprayed with the 
mixture containing 1000 p.p.m. of the 
acid did not exhibit swelling of tissues or 
external evidence of gall formation, as 
has been reported in connection with the 
use of equal concentrations of this acid 
on other species of plants (4). 

The development of buds on treated 
plants was noticeably inhibited during 
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plants decreased from 18.4% to 2.1% 
(dry-weight basis), while that of controls 
increased slightly during the 3-week pe- 
riod immediately following treatment 
(fig. 3). Sugar at first accumulated in the 
treated plants, and on the sixth day they 
contained approximately twice as much 
as did the untreated ones. After 3 weeks, 
however, the treated plants contained 
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DAYS AFTER TREATMENT 
VEGETATIVE PLANTS 


Fic. 3. 


DORMANT PLANTS 


Percentage of carbohydrates (sugar, starch, and dextrin) in vegetatively vigorous and in rela- 


tively dormant morning-glory plants treated with aqueous mixture containing 1000 p.p.m. 2,4-dichloro- 

yhenoxyacetic acid and 0.6% Carbowax 1500 (shaded bars), compared with that in untreated plants (un- 
. ( 5 

shaded). Values represent carbohydrate contained in samples from thirty plants collected at successive in- 


tervals following treatment. 


the first 3 days following treatment. On 
the fourth day untreated plants had an 
average of three open flowers per plant, 
while no flowers had opened on the 
sprayed ones on this date. Two weeks 
after treatment, 35% of the roots and all 
the leaves of the treated plants were 
dead. Decayed areas had developed at 
the ground level on stems of nearly all 
the treated plants. Three weeks after 
treatment the stems, buds, leaves, and 
95% of the roots of the sprayed plants 
were dead (fig. 2). 

The readily available carbohydrates 
(sugars, starch, and dextrin) in sprayed 


only 15.9% as much sugar as did the un- 
sprayed. 

The greatest increase in sugar content 
as the result of treatment occurred in the 
leaves. They contained three to eight 
times as much sugar as did the leaves of 
unsprayed plants during the 4-8 days 
following treatment. In contrast, the 
sugar content of the flower buds of treat- 
ed plants did not exceed that of buds on 
the unsprayed plants, but instead the 
amount in the treated ones decreased 
rapidly during the 2 weeks immediately 
following treatment, and at the end of 
this period they contained only a trace 
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of sugar (table 3). Only 18 hours after 
treatment the flower buds of the treated 
plants contained approximately 46% 
less sugar than did the buds of untreated 
plants. 
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flower buds of treated plants contained 
only a trace of reserve carbohydrates in 
the form of starch and dextrin. Depletion 
of starch and dextrin reserves in most 
parts of the plants was clearly evident 


TABLE 3 


TOTAL SUGAR AND STARCH-DEXTRIN CONTENTS OF MORNING-GLORY PLANTS GROWN IN GREEN- 
HOUSE UNDER CONDITIONS FAVORABLE FOR VIGOROUS VEGETATIVE GROWTH AND SPRAYED WITH 


AQUEOUS MIXTURE CONTAINING 1000 P.P.M. 


2,4-DICHLOROPHENOXYACETIC ACID AND 0.6% 


CARBOWAX 1500. FIGURES REPRESENT MILLIGRAMS OF CARBOHYDRATES IN THIRTY PLANTS 





Roots 








ToTaL 
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| 
LEAVES | 
| 
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T Cc 

















1166 
1145 
1128 
1214 
I104 | 
1073 | 
1365 | 
1061 
1157 | 
3363 





400 
429 
57° 
774 | 

| 807 

| 1072 

| 1093 

| 1475 
1743 
1698 | 73 | 
2882 | 21 








4325 
4283 
4793 
6045 
6621 
| 10340 
8676 
9119 | 975 
9621 | 497 
| 11129 | 271 
27 


3734 
4543 
3427 
2749 
2320 
1273 











* C, control; T, treated. 


The starch and dextrin content of 
treated plants decreased steadily from 
the fourth day following treatment, and 
on the twentieth day the sprayed plants 
contained approximately one five-hun- 
dredth as much starch and dextrin by 
weight as did the untreated ones. 

Four days following treatment the 


on the third day following treatment 
(table 3). 

During the third week after treatment 
a marked increase in the weight of the 
untreated plants occurred which was as- 
sociated with a corresponding increase in 
their carbohydrate content. This flush of 
growth on the part of unsprayed plants 
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was probably due to increased soil fer- 
tility resulting from the application of 
manure during the first week following 
treatment. 


Discussion 


Responses of morning-glory plants 
which were vigorously growing and 
sprayed with 2,4-dichlorophenoxyacetic 
acid were similar to those of other plants 
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those in the roots and flower buds, were 
rapidly depleted following treatment 
(figs. 3, 4). Depletion of the carbohydrates 
was apparently a factor which resulted in 
death of the plants. It has been reported 
(5, 6) that starch and dextrin were deplet- 
ed in bean leaves treated with naphtha- 
leneacetic acid or certain other growth- 
regulating substances, and that sugar ac- 
cumulated more slowly in illuminated 


FLOWER BUDS 
UNTREATED 


TREATED 


40 15 20 





Fic. 4.—Readily available carbohydrate content (sugar, starch, and dextrin) in roots and buds of morn- 
ing-glory plants during 3-week period following treatment with aqueous mixture containing 1000 p.p.m. 
2,4-dichlorophenoxyacetic acid and 0.6% Carbowax 1500, compared with that of untreated plants. Plants 
grown under conditions favoring vigorous growth. Thirty treated and thirty untreated plants sampled at 


each period. 


that were in a relatively dormant condi- 
tion when treated with the acid. Treat- 
ment inhibited both vegetative growth 
and seed development, and when meas- 
ured in terms of length of time required 
for death to occur, the effectiveness of 
this acid was approximately the same on 
both the actively growing and the rela- 
tively dormant plants. 

The sugar content of sprayed plants 
first increased above that of untreated 
plants, then decreased, while the starch- 
dextrin reserves were rapidly depleted as 
the result of treatment. The readily avail- 
able carbohydrate reserves, especially 


leaves that had been depleted of reserve 
carbohydrates and then treated than it 
did in comparable unsprayed ones. In 
these earlier experiments photosynthesis 
was apparently inhibited by the applica- 
tion of naphthaleneacetic acid. It is pos- 
sible that the synthesis of carbohydrates 
by the morning-glory plants of the pres- 
ent experiment was likewise impaired by 
treatment with the 2,4-dichlorophenoxy- 
acetic acid. 

In sprayed plants, necrotic tissues first 
appeared in the flower buds. This re- 
sponse was also associated with a marked 
decrease in the carbohydrate content of 
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the buds and indicated that the repro- 
ductive parts of the plants were especial- 
ly sensitive to the acid treatment. Stems 
of the treated plants were attacked by 
soil organisms in the region near the 
surface of the soil, and the necrotic areas 
that developed as a result may have also 
been associated with death of the plants. 

The marked changes observed in the 
relative amounts of the carbohydrate 
content of the plants treated with 2,4- 
dichlorophenoxyacetic acid suggested the 
possibility of utilizing this type of re- 
sponse in controlling the rate of hydrol- 
ysis of polysaccharides in other kinds of 
plants, in their seeds and fruit. 


Summary 


1. Plants of annual morning-glory, 
Ipomoea lacunosa L., grown in a green- 
house under conditions favoring vigorous 
vegetative growth and seed production, 
were sprayed with an aqueous mixture 
containing 1000 p.p.m. of 2,4-dichloro- 
phenoxyacetic acid and o. 6% Carbowax 
1500. Other plants of morning-glory 
grown under conditions of photoperiod 
and soil fertility less favorable for vege- 
tative growth were treated in a similar 
way. 

2. No apparent growth occurred, 
either in those treated plants that were 
in a vigorous vegetative condition or in 
those that were relatively dormant at the 
time of treatment. Following treatment, 
the total dry weight of untreated plants 
increased while that of the sprayed ones 
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decreased. Neither those that were vege- 
tative nor the dormant ones showed ex- 
ternal evidence of gall formation or root 
initiation as the result of treatment. In 
the sprayed plants, necrosis was first 
evident in the flower buds, and none of 
these developed mature seeds. Both the 
vegetative and the nonvegetative plants 
died within 3 weeks following treatment. 

3. Readily available carbohydrates 
(sugars, starch, and dextrin) were essen- 
tially depleted within a period of 3 weeks 
in plants that were growing vigorously, 
and also in plants that were relatively 
dormant when treated. Carbohydrate 
reserves (starch and dextrin) were rapid- 
ly depleted in the flower buds, and also 
in the roots, of the sprayed plants, a re- 
sponse of significance in connection with 
the use of 2,4-dichlorophenoxyacetic 
acid in the control of weeds. 

4. Sugars in treated plants at first in- 
creased above the amount in the un- 
treated ones, then decreased, and they 
were nearly depleted during the second 
and third week after treatment. 


The collecting, sectioning, and drying 
of the plant material was done by CHAr- 
LOTTE I’, GAETJENS and JOHN M. JONES; 
Laura E. RAPPLEYE assisted with micro- 
chemical tests; and JoHN N. YEATMAN 
assisted with the preparation and chemi- 
cal analysis of the samples. 
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HERBICIDAL PROPERTIES OF 
ACID APPLIED IN 


2,4-DICHLOROPHENOXYACETIC 
DUSTS CONTAINING 


HYGROSCOPIC AGENTS 


PAUL C. MARTH,’ F. F. DAVIS,” AND JOHN W. MITCHELL? 


Introduction 


Interest in the dust method of ap- 
plying growth-regulating substances to 
plants has been manifest because of the 
rapidity, uniformity, and relatively low 
costs of application. In some instances 
the results obtained have compared fa- 
vorably with those secured through the 
use of comparable amounts applied in 
aqueous solutions (1, 2). 

In the present experiments, 2,4-di- 
chlorophenoxyacetic acid was applied 
to various species of weeds grown under 
greenhouse conditions to determine the 
effectiveness of the acid as a selective 
herbicide (@) when used with various 
kinds of dust carriers, and (6) when ap- 
plied with a mixture of carrier and cer- 
tain water-absorbing agents. 


Preparation of dust mixtures 


Finely ground Pyrax, fuller’s earth, 
“Cherokee Clay,” and purified talc were 
tested as carriers. To prepare the various 

‘ Associate Physiologist; ? Collaborator and Act- 
ing Director, U.S. Golf Association, Green Section; 
and 3 Physiologist; Bureau of Plant Industry, Soils, 
and Agricultural Engineering, U.S. Department of 


Agriculture, Agriculture Research Administration, 
Beltsville, Maryland. 


dust mixtures, the desired amount of 
2,4-dichlorophenoxyacetic acid was first 
dissolved in 95% grain alcohol of sufh- 
cient volume to produce a thin paste 
when stirred into a weighed amount of 
the carrier (approximately 1 ml. of al- 
coholic solution per gram of dust). After 
stirring, the paste mixture was placed in 
a well-ventilated oven at 80° C. and the 
alcohol evaporated. When dry, the prep- 
aration thoroughly repulverized 
while warm and then either stored in air- 
tight containers or used immediately. In 
preparing dust mixtures with such hy- 
groscopic agents as Carbowax 1500 or 
glycerin, the same procedure was fol- 
lowed except that the growth-regulat- 
ing substance was first dissolved in the 
required amount of hygroscopic agent 
and then this solution was added to the 
alcohol. 

In preliminary experiments it was 
found that 3.0% (by weight) of either 
Carbowax 1500 or glycerin in the carrier 
produced a dust that was slightly sticky, 
but one that could be readily applied. 
The use of higher concentration of the 
hygroscopic agents resulted in dusts that 
were very sticky and difficult to apply. 


was 
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Calcium chloride used as the hygroscopic 
agent was finely ground and mixed with 
the dust in the dry state after the re- 
quired amount of the acid had been 
added as just described. 

The final dust mixtures were applied 
in weighed amounts at the rate of ap- 
proximately 4 pounds per 1000 square 
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Both the grass and the clover germinated 
and grew uniformly, so that the soil sur- 
face of the flats was completely covered 
by the mixture of the two species by 
February 21, when they were treated. 
Dust mixtures containing 0.5, 1.0, 2.5, 
5.0, and 10.0%, respectively, of 2,4-di- 
chlorophenoxyacetic acid were prepared 


TABLE 1 


EFFECTS OF VARYING CONCENTRATIONS OF 2,4-DICHLOROPHENOXYACETIC ACID 
APPLIED IN DUST FORM TO KENTUCKY BLUEGRASS AND WHITE CLOVER GROW- 
ING TOGETHER IN GREENHOUSE FLATS. DUST PREPARATIONS MADE WITH 


PYRAX AND APPLIED FEBRUARY 21, 1945 









































EXTENT OF INJURY FOLLOWING TREATMENT 
Concentra: | —— at as 
TION OF ACID 2 days 15 days | 50 days 
(%) a eee 
Grass Clover Grass Clover Grass Clover 
0.6... o* + ° + ° ° 
r.0%.. ° + ° + ° ° 
Eisner ° + + +++ o | +++4+ 
5.0 ~ o ++ |++++ + |++4++ 
10.0 +++ | +++ | +44 | 4444+] 44+ | 4444+ 
* o = No apparent injury. 
+ = Slight injury to grass or curling of clover. 
+-+ = Moderate injury to grass or curling of clover. 
+++ = Severe injury to grass or curling of clover. 
++++ = Killing of clover (85-100% dead). 


feet, or 1.8 gm. per square foot, by means 
of a small mechanical duster operating 
at 9 pounds of air pressure. 


Investigation 


PYRAX, FULLER’S EARTH, AND 
CHEROKEE CLAY AS 
CARRIERS 
KENTUCKY BLUEGRASS, WHITE CLO- 
VER.—On January 6, 1945, each of forty- 
eight flats (12 X 26 inches) containing 
fertile potting soil was sown uniformly 
with 2.83 gm. Kentucky bluegrass and 
0.70 gm. white clovér, rates approxi- 
mately equivalent to 3 lb. and ? lb. of 
seed per 1000 square feet, respectively. 
After seeding, the flats were maintained 
in a greenhouse at approximately 60° F. 





with each of the carriers—Pyrax, fuller’s 
earth, and Cherokee Clay. 

Each of the forty-eight flats was di- 
vided crosswise into three plots of equal 
size, and each of the forty-five dust mix- 
tures was applied to three plots at ran- 
dom, leaving three randomized plots as 
untreated controls. Immediately prior 
to dusting, all plots were exposed to a 
fine aqueous mist, so that moisture was 
deposited on the foliage to simulate a 
heavy dew. Records of the effect of treat- 
ment on the grass and clover were ob- 
tained at the end of 2, 15, and 50 days 
following treatment. 

The data on the Pyrax dust plus the 
acid treatments only are presented in 
table 1, since the results with fuller’s 
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earth and Cherokee Clay were of the 
same order. Only the relatively high con- 
centrations of the acid (2.5-10%) effec- 
tively controlled the clover. Both the 
0.5 and the 1.0% concentrations were 
ineffective, and at the end of 50 days the 
clover had recovered completely from 
the initial curling effects that were ap- 
parent at the end of 2 days. Dust appli- 
cations containing 2.5% concentration 
of the acid were without serious effect on 
the bluegrass but greatly reduced the 
growth of the clover. An estimated 15% 
of clover remained in these plots at the 
end of 50 days following treatment. The 
use of dust with 5.0% of the acid resulted 
in a moderate amount of tip-burn on the 
bluegrass foliage but apparently did not 
greatly retard its development. A dense 
stand of grass developed in these plots, 
while the clover was almost completely 
killed (99%). The bluegrass developed 
considerable foliage injury when treated 
with dusts containing 10.0% of the acid. 
In these tréatments the grass had not re- 
covered at the end of 50 days, and only 
a thin stand was growing at that time 
(fig. 1). In contrast, all the white clover 
was killed by the 10.0% acid-dust treat- 
ments. No marked differences in behav- 
ior of bluegrass or clover were observed 
in comparing the three carriers at the 
various concentrations of acid used. 
From this standpoint it would appear 
that each of these materials would be 
satisfactory as a carrier for this acid. 
HEAL-ALL, HYDROCOTYLE, AND PLAN- 
TAIN.—A 10.0% concentration of 2,4-di- 
chlorophenoxyacetic acid in Pyrax was 
applied to pure stands of heal-all (Prunel- 
la vulgaris) and hydrocotyle (Hydrocotyle 
rotundifolia) growing in flats, and also to 
narrow-leaved plantain (Plantago lan- 
ceolata) established in potting soil con- 
tained in 3-inch clay pots. These plants 
were maintained in the same greenhouse 
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section at 60° F. and treated on February 
21 in a manner and rate similar to that 
described for the bluegrass-clover experi- 
ment. At the time of treatment the foli- 
age of the heal-all and hydrocotyle cov- 
ered most of the soil surface of each flat. 
Three areas, consisting of one third of 
the flat each, were treated in the case of 
heal-all and hydrocotyle, leaving three 
untreated areas of equal size. Fifteen 
each of treated and untreated plantain 
plants were used. 

The 10.0% acid dust proved to be 
toxic to all three species. The hydrocotyle 
and heal-all were severly curled within 48 
hours after treatment. After 15 days all 
dust-treated plants of these two species 
were dead, while the narrow-leaved plan- 
tains were severely curled and chlorotic 
at this time and were dead a month later. 


ADDITION OF WATER-ABSORBING 
AGENTS TO ACID-TALC DUSTS 


PRELIMINARY TESTS.—Several hygro- 
scopic substances were tested for their 
relative merits as moisture-absorbing 
agents. A weighed amount of each com- 
pound was placed for a period of 164 
hours in a closed vessel and exposed to 
air in which the relative humidity was 
maintained at approximately 79.5% by 
means of a saturated solution of ammo- 
nium chloride. The percentage increase 
in weight was 130.9 for calcium chloride 
(anhydrous), 43.9 for copper sulphate, 
40.5 for glycerin, 22.3 for Drierite, 28.2 
for Carbowax 1500, 25.0 for Carbowax 
400, 17.9 for Carbowax 1540, and 11.1 
for pumpkin-fruit tissue (dried and pow- 
dered). Of these substances, calcium 
chloride, Carbowax 1500, and glycerin 
were selected for use in the dust experi- 
ments. The use of polyethylene glycols 
(Carbowax) in applying growth sub- 
stances to plants has recently been de- 


scribed (3). 











Fic. 1.—Effect of dusts containing 2,4-dichlorophenoxyacetic acid on eradication of white clover from 
Kentucky bluegrass growing in the greenhouse: A, control plots; B, plots treated with 5.0% of the acid ap- 
plied in three dust carriers (left, Pyrax; middle, fuller’s earth; right, Cherokee Clay); C, plots treated with 
dusts containing 10.0% of theeacid (left, Pyrax; middle, Cherokee Clay; right, fuller’s earth). Note excel- 
lent control of clover in B and C as well as poor stand of bluegrass in C. Treated February 21; photographed 
April 13, 1945. 
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MoRNING-GLORY.—Plants of Ipomea 
lacunosa were grown in a greenhouse 
from seed sown on January 25, in potting 
soil contained in 3-inch clay pots. A tem- 
perature of 65°-70° F. was maintained. 
After the seedlings had developed the 
first pair of true leaves, the plants in 600 
pots were thinned to two per pot. In the 
first experiment (March 7), dust treat- 
ments (table 2) were applied to 400 
plants of this lot having six leaves, and 
the same treatments were applied again 
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dust form was markedly increased by 
inclusion of a moisture-absorbing agent 
in the dusts (table 2). This effect was 
most noticeable at the lower concentra- 
tions used—o.or and 0.05%. At the 
0.01% concentration the regular acid 
dust had no apparent effect on the plants, 
whereas those plants treated with dusts 
containing 0.01% of the acid to which 
3% of either glycerin or Carbowax 1500 
had been added showed marked epinasty 
and stem bending at the end of 48 hours, 


TABLE 2 


RESPONSE OF MORNING-GLORY PLANTS TO APPLICATION OF 2,4-DICHLOROPHENOXYACETIC ACID IN 
TALC-DUST MIXTURES CONTAINING MOISTURE ABSORBING AGENTS. RESULTS OF THREE 
GREENHOUSE EXPERIMENTS (MARCH 7, MARCH 15, AND APRIL 30, 1945) COMBINED 


No HYGROSCOPIC 


| AGENT ADDED TO DUST | 


CARBOWAX 1500 (3%) 


GLYCERIN (3°, CALCIUM CHLORIDE 


a ADDED TO DUST ADDED TO DUST (3%) ADDED TO DUST 
CONCENTRATION | 
OF ACID (%) | . no 
48 hours | 4 weeks 48 hours 4 weeks 48 hours 4 weeks 48 hours | 4 weeks 
° o* ° | ° ° ° o | ° ° 
0.01 ° ° | = 5 det 3 = 3 se ak + ° 
0.05 ~ o| ++ |++4++4+) + | +++] + - 
or. + +\ +++ |4+4+4+4+) ++ | 44+] + +4 
eas base: $+ | +44) F444 | FH4+ | 444+ | t444] 44+ | +444 
* o = No apparent effect. 
+ = Slight bending but plants continued linear growth. 
++ = Moderate bending with sharp checking of linear growth. 
+++ = Severe bending with complete stoppage of linear growth. 





+++-+ = All plants dead. 


1 week later (March 15) to plants having 
eight leaves. In both experiments, twen- 
ty plants (ten pots) per treatment were 
used. In a third experiment the same 
treatments were applied on May 28 to 
another set of morning-glory plants that 
had developed four to five leaves. These 
plants were selected from 300 pots sown 
on April 30. Only plants of marked uni- 
formity of size and appearance were 
used, and the dust applications were 
made to the dry foliage at the rate pre- 
viously stated. 

Uniform results were obtained in the 
three experiments with morning-glory. 
The effectiveness of the acid applied in 


and these plants failed to grow an appre- 
ciable amount during the 4-week period 
following treatment. In contrast, the 
treated plants that received the same 
amount of the acid, but with calcium 
chloride added, showed slight bending 
but recovered and produced approxi- 
mately the same amount of vegetative 
growth as did the untreated plants dur- 
ing the 4 weeks following treatment. 
Differential effects between the three 
hygroscopic agents were most noticeable 
with dusts containing 0.05% of the acid. 
At this concentration and without hy- 
groscopic agents added the plants re- 
covered from the effects of treatment. 
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Addition of 3% Carbowax 1500 to the 
dust resulted in the death of all the 
treated plants after 4 weeks, while plants 
that received the same amount of the 
acid but with glycerin added were in- 
jured severely and apparently unable to 
recover, although some were still alive at 
the end of this period. 

Calcium chloride added to the dusts 
did not inhibit growth as much as did 
either the Carbowax or glycerin mix- 
tures, even though calcium chloride it- 
self was by far the most effective mois- 
ture-absorbing agent of the three com- 
pounds tested. The ineffectiveness of the 
chloride dust may possibly be due to dif- 
ferences in its physical properties in rela- 
tion to cohesion to the plants, or possibly 
to chemical reactions with the acid. 

In these experiments with morning- 
glory, greatest differences in herbicidal 
effects of the several dust mixtures were 
noted at 0.5% concentration. The great- 
est initial response at this concentration 
was found in plants treated with dusts 
containing either Carbowax or glycerin. 
All plants treated with any dust mixture 
containing 0.5% acid died within 4 weeks 
following treatment, and at this concen- 
tration and lapse of time the effect of 
adding a water-absorbing agent was no 
longer apparent. 

RAGWEED.—Plants of Ambrosia biden- 
tata growing in 3-inch pots in fertile soil 
were treated with the same dust mix- 
tures and at the same rates as described 
for the morning-glory tests of March 15. 
When dusted, the plants were 4-5 inches 
in height and were growing vigorously. 
Ten plants were included in each of the 
treatments. 

Ragweed failed to show a noticeable 
effect when treated with dust containing 
0.1% or less of the acid, while at a 0.5% 
concentration inhibition of growth oc- 
curred only in the case of those dusts 
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containing 3% of either Carbowax 1500 
or glycerin. The plants in these last- 
mentioned lots, however, were not killed 
by treatment at the end of 4 weeks, al- 
though they had made no apparent 
growth during this period. 

LAMB’S-QUARTERS.—Ten plants each 
of Chenopodium album growing in 3-inch 
pots were included with the April 30 
dusting treatments on morning-glory. 
The plants were 6-7 inches in height and 
growing vigorously when treated. 

Inclusion of a moisture-absorbing 
agent increased the effect of the acid on 
the plants (fig. 2). Dusts containing 
0.1% or less of concentration had no ap- 
parent effect, except in the case of a few 
plants which later recovered completely. 
The plants of lamb’s-quarter were killed 
by applications of dust containing 0.5% 
of the acid and 3% of either Carbowax 
1500 or glycerin. 


Discussion 


It is evident that 2,4-dichlorophenoxy- 
acetic acid is relatively active when ap- 
plied in dust carriers, especially when a 
water-absorbing agent is added to the 
mixture. On the basis of the present ex- 
periments, somewhat larger amounts of 
the acid were required to bring about a 
given response when applied in dust car- 
riers than were required for equal effects 
with liquid sprays (4). 

A factor which may restrict to some 
extent the use of growth regulators in 
dust carriers is the difficulty of confining 
the dust treatments within the neces- 
sary area. This difficulty may be particu- 
larly serious in connection with the use 
of the acid as a herbicide. In eradicating 
weeds, the accidental treatment of sensi- 
tive crop plants would be more likely to 
occur during the application of dust 
treatments than during the use of sprays. 
Treatment of large areas of turf, grass- 
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lands, or cultivated grass crops with 
dusts for the purpose of selective eradica- 
tion of certain weeds appears to be feasi- 
ble, but further experimental work is 
needed to determine the usefulness of 
this method of application under a varie- 
ty of field conditions. The results re- 
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ditions might modify results with the 
various combinations used in the work 
reported here. 


Summary 
1. 2,4-Dichlorophenoxyacetic acid was 
applied in different concentrations (0.5, 





Fic. 2.—Effect of addition of hygroscopic agents to talc-dust mixtures containing 2,4-dichlorophenoxy- 





acetic acid: A, morning-glory (J pomea lacunosa) plants treated with talc containing 0.1% of acid plus 3.0% 
of Carbowax 1500 as hygroscopic agent. B, similar plants treated with dust containing same amount of acid 
but without hygroscopic agent. C, plants treated with tale dust containing 3.0% of Carbowax only. D, un- 
treated control. EZ, morning-glory at left, lamb’s-quarters (Chenopodium album) at right, untreated control 
plants. F, similar plants treated with talc dust containing 0.5% acid only. G, comparable plants that received 
dust containing 0.5% acid plus 3.0% glycerin as hygroscopic agent. Photographs taken 3 days after treat- 
ment (April 30, 1945). Plants in treatments A and G were dead 28 days following treatment, while plants in 
all other treatments were apparently unaffected. 


1.0, 2.5, 5.0, and 10.0%) in dust carriers, 
at the rate of 4 pounds per 1000 square 
feet, to Kentucky bluegrass (Poa praten- 
sis) and white clover (Trifolium repens) 
growing in a mixed stand in greenhouse 
flats. The 10.0% dusts were also tested 


ported here with the various acid-dust 
mixtures were with application to plants 
in a greenhouse, and no attempt was 
made to simulate intermittent dews, 
rains, and other weathering conditions 
commonly found in the field. These con- 








on heal-all (Prunella vulgaris) and lawn 
pennywort (Hydrocotyle rotundifolia) in 
flats and on narrow-leaved plantain 
(Plantago lanceolata) growing in 3-inch 
clay pots in a greenhouse. 

2. Comparison of Pyrax, fuller’s earth, 
and Cherokee Clay as diluents or dust 
carriers at each of the concentrations in- 
dicated that there was no marked differ- 
ence among them on the basis of the 
plant responses observed. 

3. Complete eradication of clover 
from bluegrass turf was obtained by ap- 
plications of dust containing 10.0% of 
the acid, but the bluegrass was severely 
injured and recovered only slowly. Al- 
most complete eradication (99%) was 
obtained by application of dust contain- 
ing 5.0% of the acid, and the grass re- 
covered quickly from the slight injury 
that developed. A minimum concentra- 
tion of 2.5% of the acid was necessary to 
kill an appreciable amount (85%) of 
clover. No bluegrass injury was observed 
at this concentration. 

4. Heal-all,lawn pennywort, and plan- 
tain were likewise killed by application 
of dusts containing 10% of the acid. 

5. Addition of hygroscopic agents, 
such as Carbowax 1500 or glycerin, at 
the rate of 3% markedly increased the 
effects of the growth-regulating sub- 
stance in dust mixtures. Addition of cal- 
cium chloride to the regular dusts re- 
sulted in only a slight increase in effec- 
tiveness of the acid. Plants of morning- 
glory (Ipomea lacunosa) were killed by 
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dusts containing 0.05% concentration of 
acid plus 3% Carbowax 1500, while com- 
parable plants were but slightly affected 
and recovered from treatment with the 
same kind of dust having an equal con- 
centration but no hygroscopic agent 
added. 

6. Plants of ragweed (Ambrosia biden- 
tata) were not evidently affected by the 
application of dusts containing 0.5% of 
the acid. Comparable plants exhibited 
severe epinasty and failed to grow fol- 
lowing treatment with ao.5% acid dust 
to which either Carbowax 1500 or gly- 
cerin had been added. 

7. Similar results were obtained with 
plants of lamb’s-quarters (Chenopodium 
album), which were killed after 4 weeks 
by application of dust containing 0.5% 
of acid and 3% of Carbowax 1500 
or dust containing the same amount of 
the acid but with glycerin added. The 
plants were but slightly affected by com- 
parable dusts that did not include the 
hygroscopic agents. 

8. Caution should be exercised in ap- 
plying 2,4-dichlorophenoxyacetic acid 
by the dust method, first to avoid acci- 
dental treatment of adjacent plants by 
drifting of the dust particles, and second 
to avoid breathing the dust mixtures dur- 
ing application until definite information 
is available on the nontoxicity of the 
acid. 


BuREAU OF PLANT INDUSTRY, SOILS, AND 
AGRICULTURAL ENGINEERING 
BELTSVILLE, MARYLAND 
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Trees and Toadstools. By M. C. RAyNER. London: 
Faber & Faber, Ltd., 1945. Pp. 71. Illustrated. 6s. 
This is a short but lucid account of the interrela- 

tionships between certain of the higher fungi and 
trees. Although primarily designed for the general 
reader, the book will nevertheless redirect the atten- 
tion of many botanists to the curious morphological 
and nutritional features of the associations between 
higher fungi and trees which the author is so well 
qualified to describe. ‘‘Fungus roots” and the effects 
of the mycorhiza-forming fungus on the growth of 
conifers are described and illustrated by photo- 
graphs.—F. C. STEWARD. 


The Structure and Reproduction of the Algae, Vol. II. 
By F. E. Fritscu. Cambridge, University Press; 
New York, Macmillan Co., 1945. Pp. xii+9309. 
$12.00. 

The second of a two-volume treatise on the struc- 
ture and reproduction of the algae has now been pub- 
lished, following the first volume by approximately 
10 years. The treatise has been designed to present 
in the English language a comprehensive account of 
the morphology of the algae, a task for which the 
author, who has devoted a fruitful life to this group 
of plants, is particularly qualified. 

FritscH has arranged the algae into eleven 
classes, as follows: Chlorophyceae (Isokontae), Xan- 
thophyceae(Heterokontae) ,Chrysophyceae, Bacillar- 
iophyceae (diatoms), Cryptophyceae, Dinophyceae 

Peridinieae), Chloromonadineae, Euglinieae, Phae- 
ophyceae, Rhodophyceae, and Myxophyceae (Cy- 
anophyceae). The first eight of these classes were in- 
cluded in volume I, leaving the last three for volume 

II. 

Throughout both volumes the treatment is es- 
sentially morphological, with taxonomic and _ bio- 
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logic problems discussed only where they are thought 
to have a bearing on morphology. The literature of 
the world has been surveyed and the pertinent facts 
bearing on the morphology of algae have been care- 
fully and critically assayed and incorporated in both 
volumes. Essentially all the literature which has 
either practical or historical value has been included 
at the end of each section dealing with an order. The 
citations cover the first half of 1943. 

These two volumes should formanessential part of 
the biological library of every college and university. 
They are likely to prove equally necessary to all who 
have a special interest in the algae—J. M. BEAL. 


A Catalog of Illinois Algae. By MAx E. Britton. 
Evanston, Ill.: “Northwestern University Studies 
in the Biological Sciences,’’ No. 2, 1945. Pp. viii+ 
177. $3.00. 

This catalog of the Illinois algae brings together 
all the algae which have been reported in slightly 
more than ninety previously published papers. It 
lists a total of 178 genera and 962 species, varieties, 
and forms distributed among the following classes: 
Cyanophyta 29 genera and 98 species, varieties, or 
forms; Rhodophyta 2-2; Chrysophyta 51-308; 
Chlorophyta 88-509; Pyrrophyta 3-11; and Eug- 
lenophyta 5-34. In a short chapter the literature is 
reviewed under certain categories—(a 
and floristic studies, (b) general ecological and polli- 
nation studies, (c) studies of algae as animal food 
supply, (d) monographs and other comprehensive 
reports, and (e) miscellaneous papers. For each spe- 
cies, variety, and form listed, the place and date of 
collection, with the name of the collector, are given. 
This book should prove highly useful to all those in- 
terested in the algae of the midwest region of the 
United States.—J. M. BEAL. 
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